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PREFACE

This 1s one of a series of documents prepared for the Office of
Coastal Zone Management (0CZM) to provide guidance and information to
- coastal planners and managers on major issues they face.

Growing development pressures in coastal areas are increasing
the risk to life and property from natural hazards. The fact that
these events, while rare, are usually catastrophic, necessitates
continued management attention. It is the long range planning and
management emphasis of the Coastal Zone Management Act that provides
a unique opportunity for reducing losses due to natural hazards in
the coastal areas.

In order to develop management program recommendations, we asked
Gilbert F. White, Director of the Institute of Behavioral Science,
University of Colorado, to focus his extensive natural hazard expertise
on coastal areas. An intensive effort from June until November of
this year has resulted in this publication, We hope that the concepts
and techniques presented are useful to coastal managers in establishing
and administering effective programs, and also to others working or
with an interest in the subject.

The contents are presented in handbook form to provide fast access
to information by specific hazard, by coastal state, or by management
recommendations. The Executive Summary encapsulates the major findings
and recommendations. No attempt was made to provide in-depth scientific
analysis, Readers seeking more detail should refer to the Annotated
Bibliography (Section V) or seek help from the contacts listed in the
Directory of Selected Federal, State and Voluntary Agencies (Section VI).

In carrying out this work the members of the staff of the Institute
of Behavioral Science drew heavily upon data and experlence accomulated
.during its earlier Assessment of Research on Natural Hazards, which had
been supported by the National Science Foundation.

The description of present problems, authorities, and practices in
the coastal states was greatly facilitated by the cooperation of officers
~of coastal zone management agencies and other state agencies who cordially
supplied information and who reviewed draft materials. Their help is
gratefully acknowledged.

An earlier draft of this report benefitted from review by the
following people who made corrections and suggestions but who are
not responsible for the final wording: Robert Beck, Wallace Bowman,
Dwight R. Crandell, Leonard Crook, Robert W. Fleming, Neil L. Frank,
Robert M, Hamilton, Richard Krimm, Joe C. Moseley II, George R. Phippen,
Jack Schoop and Arthur J. Zeizel.
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Special recognition should be given to Joe C. Moseley II, Sally
Davenport, Judith Penna, and Robert Ayre who assisted in final revision
of the draft, and especially to Michele Tetley who gave excellent advice
and counsel throughout the enterprise.

The typing of the ieport was done by Catherine Coit, Sheryl Kipnis,
Mary Lovrien and Jacqueline Myers. Illustrations were prepared by
Robert Czerniak and Richard Nervig.

Paul R. Stang .
Head, Technical Assistance Group
Office of Coastal Zone Management
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I. EXECUTIVE SUMMARY

Coastal areas in the United States are afflicted with a distinctive array
of natural hazards. Beach erosion is uniqué in the problems it presents,
but at one place or another along the coast problems of hurricane, tornado,
flood, landslide, earthquake, tsunami, volcano, snow avalanche, and land
subsidence are severe and may appear in different combinations, State manage-
ment of coastal areas may be strengthened by giving explicit attention to
these hazards and to the ways in which people can cope with them. In turn,
the information, planning, and management activity under coastal zone manage-
ment may contribute to wiser adjustments to these growing hazards.

Coastal Management in the National Picture

For the United States as a whole the annual toll taken by extreme
events in nature is growing. Until recently the loss of life from floods,
hurricanes and similar events seemed to be declining but appears to be on the
rise again. The probability of major social dislocations from rare,
catastrophic events is increasing. Coastal zone management can play a
particularly significant role in this situation for two reasons.

1. The disproportionately rapid growth of population in coastal
areas makes coastal areas more vulnerable to disaster than many
inland areas.

2. The opportunities to reverse the trends by encouraging
coordinated land and water management are more promising than
in other parts of the nation.

How these opportunities are grasped will influence whether future events
will include a series of national catastrophes in such places as Juneau, San
Francisco, Galveston, Miami, and Staten Island, or conversely, a gradual
reduction in national vulnerability to disaster.

Natural Hazard as an Essential Part of Coastal Management

‘A coastal zone management program must address the problems created by
extreme natural events if it is to be comprehensive. The coastal managers
should have gsome knowledge of what kind, what magnitude, and what frequency
of hazard can occur throughout the coastal areas as they structure a program.
Having recognized the problem, they are then in a position to propose
effective means for adapting to such hazards, including information programs
for the general public about hazard characteristiecs.

Some state coastal zone programs reflect substantial awareness of and
concern with natural hazards, either independent of or in concert with one
or more Federal agencies. These efforts should be carefully examined by the
coastal manager for their adequacy and for their relationship with the
overall coastal zone management program. In other states, weak or inadequate
efforts may demand significant upgrading or restructuring to reflect current

technical knowledge, to enhance popular awareness, and to incorporate a hazard
management component.



The principal points at which states must deal with natural hazards in
developing and carrying out a coastal zone management program are these

(parenthetic references are to the Coastal Zone Management Act Regulations
15 CFR 923):

Section 923.4 states that elements to be considered in the
" comprehensive program are to include floods, erosion, land
_ stability, and climatology and meteorology.

Section 923.13 points out designation of areas of particular
concern are to include, among others, hazard areas due to storms,
slides, floods, and erosion.

Sections 923.12 and 923.14 indicate that the hazard potential
as it affects reasonable and safe use of resources would be
examined in delineating and establishing priorities for permissible
land and water uses.

Cognizant state agencies dealing with hazards are to be
included irn the organizational structure (923.22), may serve to
administer land and water uses (923.24), and should participate in
adoption of the management program (923.31).

Under the Coastal Zone Management Act Amendments of 1976 the coastal
area planning is expected to develop processes for:

Protection of and access to public beaches and other public
areas.

Energy facilities likely to be located im or to impact upon
coastal areas.

Assessing shoreline erosion and evaluating ways to control
erosion.

Achieving these goals requires accurate and imaginative analysis of the
hazard of extreme natural events. '

Five Basic Concepts in Hazard Analysis

Hazard analysis involves five major concepts that enter into the effective
design and execution of public action in coastal areas.

1) Areas potentially affected by extreme natural events must be
delineated.

2) Estimates of vulnerability must recognize that human occupation
of a vulnerable area always involves the beneficial use of a
resource and the risk of possible loss.

3) The range of possible adjustments which can be made to a
hazard must be identified. It is rare that only one course of
action is worthy of consideration. The full theoretical range
of possible adjustments includes: '
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New or improved warning systems, including preparedness
plans;

Control and protection works;

Design and construction of buildings to resist wind, water
or earthquakes;

Management of land to minimize loss of property or life,
including land acquisition, zoning, subdivision regulations,
building ordinances, and easements;

Insurance against losses;
Relief and rehabilitation assistance.

4) An assessment of present and future adjustment impacts must be
made., What is chosen as an adjustment in one place and time may
affect hazard elsewhere or at a later time. Adopting an
adjustment such as beach protection or zoning regulatioms,
unless properly planned, can make matterg worse rather than
better.

5) Reduction of exposure to more frequent events may build a potential
for catastrophic losses from the very rare events. Protective
works, for example, may reduce losses from more frequent events
while increasing the chances of social dislocation from the very
rare event,

The Principal Coastal Hazards

The situation with respect to each of the major types of extreme events
may be characterized by a few observations drawn from Section II as follows:

Burricane: More than 6 million people are currently exposed to
hurricane stotm surge in areas where the population is growing at a rate 3 to
4 times as fast as the national average. Although warning systems are
improving, the expanding occupation of vulnerable areas and the lack of
hurricane experience by young persons and relative newcomers results in an
enlarging naive population and volume of property subject to damage. High
winds and tornadoes may extend the impacts to much larger populatioms.

Flood: Valleys subject to fresh water flooding punctuate the coast in
many sectors and in some places have been protected by engineering works.
The requirements of the Flood Insurance Act for local land use planning in
vulnerable areas have spurred the delineation of flood hazard lands and the
enactment of local land use regulations to curb the increasing trend toward
expansion of property in lands subject to floods with annual recurrence
probabilities of one per cent,



Coastal Erosion: In about one quarter of the national shore front
coastal erosion is significant and in as many as 2,700 miles it is a critical
problem, In addition to protective works, dune stabilization, and beach
nourishment, a wide range of land use controls is available to cope with
continued erosion., Currently there is a shift in emphasis toward land use
management as an alternative strategy to erosion control.

—

Landslide: Although landslide hazard occurs widely, there is no explicit
national policy for dealing with {t. Only recently and in a few states has
there been extensive effort to combine land management with abatement of
landslide hazard.

Earthquake: Accurate and consistent earthquake prediction has not yet
been demonstrated. Other measures which promise major reduction in
vulnerability to earthquake damage include the requirement of earthquake
resistant construction, land use management, and preparedness planning. For
most of the vulnerable areas of the country, and particularly those away
from the Pacific Coast, little progress has been made in incorporating these
measures into earthquake loss reduction planning.

Tsunami: Except for an improved warning system and for pioneering
efforts in Hawail there has been relatively little positive action in reducing
vulnerability to tsunami waves. The amount of property and number of lives
susceptible to this rare but catastrophic damage are mounting.

Volcano: The lava flows of Hawaiil are relatively well defined and
susceptible to prediction. Pyroclastic flows and ash flows resulting from
violent eruptions are more or less predictable, are less frequent, and
constitute a large but rare threat along the Pacific Coast and Alaska.

Avalanche: In a few parts of Alaska snow avalanches are a significant
hazard, and only recently has there been serious consideration of a variety
of measures, including land management, to deal with them.

Land Subsidence: In parts of both the California and Gulf coasts there
is threat of enlarged vulnerability to natural hazards as a result of land
subsidence resulting from pumping of water, oil and gas, and also
generated by earthquakes.

Promising Lines of Action

State agencies have an opportunity to take action in four major
directions which will have a significant effect upon adjustments to hazards
and which will, in turn, reinforce efforts at coastal area management. The
directions are: 1) Delineation of hazard areas, 2) defining and evaluating the
options, 3) improving citizen participation, and 4) organization and coordina-
tion. The justification for action is given in Section ITII. The chief
recommendations are the following:
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1. Delineation of Hazard Areas

Some kind of designation of hazard areas should be attempted along each
sector of the coast, using whatever scale and detail of map is appropriate.

Designation of hazard areas should be accompanied by explicit statements
that a) reasonable use has been made of available scientific information,
and b) there will be opportunity for public examination and review of the
designations. -

Wherever special questions about the bases for designating the degree
of a hazard arise it is desirable to commission a special report by a
Federal or state agency or a consulting firm.

Even though it is not practicable to show with accuracy the detailed
recurrence interval of an extreme event it may be useful to estimate
probabilities, Wherever practicable these probabilities should be designated
as a percentage of occurrence rather than a number of years.

It is particularly important to present the results of probability
analyses so that they help citizens recognize that larger and less frequent
events than those of the designated probability may conceivably occur.

2. Defining and Evaluating the Options

One responsibility of coastal management officers is to make certain that
all parties concerned are aware of the full range of possible adjustments to
a hazard and of the costs and benefits related to each alternative adjustment.

It always should be practicable to include in the form of a 1list, table,
or diagram the types of adjustments which are possible in a given area and
those which, in fact, are adopted at the time of the study.

Wherever there is discussion of desirability of public regulation of
private land use as a means of coping with the hazard of extreme events a
specific statement, possibly in the form of a scenario, should be made to
show the probable public effects of permitting continued development of the
hazard area.

Each statement of the plans for management of a coastal hazard area
should include an estimate of the extent to which its continued occupation
is likely to be affected by changes in a) population, b) technology, and
c) risk tolerance.

In describing the range of possible adjustments to a natural hazard it
is important to state the extent to which the adjustment may be expected to
trigger changes in other adjustments, as where insurance may stimulate
interest in a warning system.

Each statement of the choices which are available should include an
estimate of the extent and type of loss aversion, in terms of human health and
safety, property damages, and social surprise and disruptionm.



An explicit statement should also be made ébout the possibility that the
neans of coping with the hazard may protect or lead to the degradation of
envirommental features.

It is useful to prepare scenarios of the estimated impacts of the future
occurrence of an extreme event under specified assumptions about the type of
land use and the character of public activities prevalling at the time the
event occurs.

An adequate set of impact estimates will a) describe the potential
consequences of each adjustment alternative (including taking no action),
b) describe impacts in terms of those outcomes which are most important, and
¢) reveal the probabilistic nature of the potential outcomes.

Any such discussion of natural hazards options should outline the major
trade-offs which the community will experience in choosing omne option over
another, and should estimate the way in which the costs and benefits will be
distributed among different age, ethnic and income groups in the community.

In presenting these choices it is useful to point out those options
which would avoid or preclude irreversible changes.

3. Improving Citizen Participation

Wherever practicable a description of a vulnerable area should be linked
with information about the availability of warning systems and with statements
of the kinds of responses which people could make to the hazard when they
recognize its full dimension and receive a warning.

Effort should be made to find out which channels of information about
hazards have higher credibility in the view of the people for whom the
information is designed, and those channels should be used for disseminating
information about the hazard.

In preparing plans for dissemination of information it is important to
find out what sectors of the population have experienced the extreme event
in question, and to design the presentations so that the information will be
intelligible to the newcomers.

4, Organization and Coordination

Descriptions of the proposed change in adjustments to hazards also
should discuss the existence or creation of the necessary powers to promote
the new work within state or local agencies.

Specific consideration should be given to ways in which planning for
natural hazards in coastal areas can be linked with emergency planning for
disasters under Section 201 of the Disaster Preparedness Act of 1974.

For each area vulnerable to extreme natural events in which economic

development is in prospect a description of the hazard should be presented to
the regional office of the Occupational Safety and Health Administration.
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Wherever there is prospect of Federal investment in a flood plain the
attention of the responsible Federal agency should be called to the
provisions of Executive Order 11926 or its replacement.

' Wherever there 1s the possibility of energy facility development within
a coastal area an assessment of potential impact of extreme natural events
should . be made.

State Authorities and Opportunities

As presented in Section IV, the states have a wide variety of statutes
and administrative procedures upon which to draw in dealing with natural
hazards.

Section V provides references to much of the pertinent literature, and
Section VI lists interested agencies.

The Appendices offer more details pertaining to legal implications and
types of analysis,

The central opportunity for the state coastal zone management agencies
is to find effective ways of applying to state programs for coastal areas the
concepts, information, and analytical methods previously developed in natural
hazard studies. To do so will reduce the vulnerability of the nation to
catastrophe and will enhance the resilience of land and water uses along the
coast,
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II. MAJOR COASTAL HAZARDS

Coastal areas are afflicted with a distinctive array of natural
hazards. Beach erosion is unique in its problems, but in large
sections of the coastline the use of coastal resources contends with

‘risks from hurricane  tornado, flood, landslide, earthquake, tsunami,
volcano, snow avalanche, or land subsidence.

A, A Framework for Hazard Analysis

In order to deal effectively with natural hazards, a coastal zone
management plan should include the following five components: delineation
of hazard areas, determination of present and future uses and possible
losses, consideration of adjustments, choice of adjustment, and develop-
ment of a catastrophe contingency plan.

Each of these steps may include certain implicit problems, for
example:

1. The delineation of areas potentially affected by extreme
natural events always is subject to differences resulting from the
quality of scientific data and the methods used to analyze them.

There can never be a completely accurate, precise description of

what area is subject to what degree of risk. It is extremely difficult
to estimate either the magnitude or the probability of the very rare’
event such as the great hurricane, This is because:

Data usually are lacking on the precise extent and
magnitude of past events;

The historical record rarely exceeds 50-100 years;

The methods for analysis and application of the
statistics continually undergo refinement;

The conditions in which the event occurs are affected
by human factors such as urbanization, farm practices, and
construction works.

However, any delineation may be revised in the light of new information or
improved methods, and public designations of hazard areas should provide
for such revision.

2. The human occupation of a vulnerable area always involves a use
of a resource and a risk of possible loss. As outlined in Figure II-1,
the interaction of social systems and natural systems leads to the
creation of a resource and of a hazard. With rare exceptions, the
resource yields benefits -~ the amenities of recreation, the economies
of ocean shipping facilities, and the like - and at the same time, generates
the inevitable cost of the damages =~ hurricane damage, loss of a beach,
and the like - which will occur when an extreme event hits.




Natural events

systems-
air '
Beneficial effects
water
€ Resource Use
earth
Adjustments
Social systems : Harmful effects
Hazards
FIGURE II-1

THE INTERACTION OF SOCIAL AND NATURAL SYSTEMS
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It is generally misleading to suggest that there are
no social gains from occupying the coast.. The problem
is to find what tradeoff of resource use and hazard will
be most beneficial to the community, state, and nation.

3. There is almost always a wide.range of adjustments which can be
made to a hazard: It is rare that only one course of action is worthy

of consideration. The tendency is for people confronted with the hazard
of an extreme storm, water height or earth movement to think of only a
single kind of adjustment. They assess the practicability of building

a protection work or of evacuating the area. However, usually there

are a.number of possible actions which deserve examination. These. 1nc1ude

, A new or improved warning system, including preparedness
plans to respond to a forecast when it is issued :

Control and protection works, such as gr01ns, beath
nourishment, and dams. Weather modification Sometlmes is
.suggested as a potential adjustment.

Design and construction of buildings so that they will
tresist wind, water or earthquake. :

Management of land to minimize loss of property or
life when the extreme event occurs. This includes land
acquisition, zoning, subdivision regulations, building
ordinances, and easements as tools for carrying out land
use plans.

Insurance agalnst the losses,

Relief and rehabllitatlon assistance for those
suffering losses.

The most suitable adjustment should consider all possibilities, and may
turn out to be a mix of several types rather than reliance on a single
one,

4. What is chosen as an adjustment at one place and time may
affect the hazard elsewhere or at a later time. Adopting an adjustment,
such as a warning system or beach stabilization, does not necessarily
minimize a hazard for all time. A beach protection program may
worsen ercsion down current; an improved warning system may encourage.
people to remain in an area where they will become subject to even
greater losses as population grows and evacuation routes prove inade-
quate; zoning regulations may permit building to cluster along a "100-
year" flood line where the greater, but less frequent flood may play
havoc,

5. Reduction in exposure to more frequent events may build
the potential for catastrophic losses from the very rare events.
Where the hazard of loss from high probability events is reduced, as
by building control works or strengthening buildings or purchasing
insurance, the property may become especially vulnerable to the
large event of probabilities of .005 or less. A catastrophe, involving .
profound dislocations from which the social system takes a long time
to recover, may then result.




B. Hurricane

Characteristics gﬁ_Hurricanes

Hurricanes develop from a variety of tropical weather disturbances
.and pass through several increasingly intense phases, classified as
tropical depressions (with winds less than 40 mph), tropical storms (with
winds between 40 and 73 mph), and finally, hurricanes (with winds over
73 mph).

The typical hurricane system has a diameter of about 300 miles,
although winds of hurricane force are concentrated in a much smaller
area. The air system in a hurricane in the northern hemisphere spirals
counterclockwise toward the storm's low pregsure center. The air absorbs
heat and moisture from the warm ocean surface and gathers speed as it
moves from higher to lower pressure., This heat and moisture constitute
the hurricane's energy source, which is released again near the center
where the converging air flows upward in a wall of clouds (the ring
of strongest wind and rain). Inside the wall, in the hurricane eye,
winds are much weaker, the heavy rains cease, and the sky may even be
clear,

The forward movement of the hurricane system is relatively slow,
usually around 15 mph in the lower latitudes.  In general, although it is
difficult to predict, the system moves with the speed and in the direction
of the steering current, usually with some drift to the morth. A north-
ward drift will eventually carry most storms to higher latitudes where
they tend to recurve and enter the midlatitude westerlies. Movement of
a hurricane over land or into regions of cooler sea surface temperatures
reduces the primary source of energy, and the intensity of the storm
decreases.

Components - Wind is the element most commonly associated with
hurricanes by the public. Highest wind speeds occur in a narrow ring
usually extending 20-30 miles from the center of the hurricane. The
highest measured wind speed was 197 mph in Inez (Colon, 1966), but gusts
of 220 mph have been estimated from damages and barometric pressure
records. In a major hurricane, gusts between 73 and 120 mph may extend
40~100 miles from the center.

Minor damages begin with winds of approximately 50 mph. Moderate
damages, such as broken windows and displaced shingles begin with winds

of around 80 mph, and major structural destruction begins when wind
speeds reach 100 mph (Friedman, 1971).

About 907 of the deaths near the coast which result from hurricanes
are caused not by wind, but by storm surge, the rise of water above mean
sea level, The height of storm surge along the open coast depends on a
number of factors which include wind speed, depth of water, storm tra-
jectory, and speed of the storm. Coastal configuration can result in a
funneling effect, and coincidence with normal astronomical tide will
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also affect surge height. Although the maximum surge usually affects only
a short length of coastline,.combined storm surge and wave action may
have damaging effects over 100 miles away in either direction.

_ Heavy rainfall often accompanies hurricanes and can result in severe
inland flooding. The amount of rainfall depends on many factors, however,
including forward speed of the storm and topography.

Wind-driven waves on top of the storm surge pose a number of problems.
First of all, the wave run-up can flood areas not reached by the surge
itself. Second, the battering action of waves can transmit tremendous
force. Third, the erosive power of waves is considerable.

The hurricane system usually generates a number of tornmadoes in the
‘right front quadrant of the storm as it approaches landfall and moves
inland. The average length and width of hurricane-induced tornado paths is
only half that of non-hurricane tornadoes, although they are still powerful
storms,

A note on the tornado hazard is appropriate at this point. Although
tornadoes are generally not a major problem in coastal areas except when
associated with hurricanes, they are not totally inconsequential. In the
past, there have been very damaging events in the Great Lakes area and in-
creasing development and population is resulting in greater susceptibility.

The destructive power of tornadoes lies primarily in their high wind
velocities and sudden changes of pressure. However, since they are usually
associated with storm systems, they are often accompanied by hail, torrential
rain and severe lightning  (Brinkmann, 1975). Nationally, the loss of
lives from tornadoes is high relative to other hazards such as floods or
hurricanes, Like other natural disasters the social consequences are also
disruptive.

Saffir and Simpson have devised a five category scale of hurricane in-
tensity which is being used increasingly to describe hurricanes. It gives
a general indication of .both wind speed and storm surge height (see Table
II-1), Figure 1I-2 represents the complete hurricane hazard damage system,
withtthe components discussed above depicted on the left side of the flow
chart.

Areas At Risk - No segment of the Gulf and Atlantic coasts of the U.S.
is without vulnerability to hurricanes, but some areas have a history of
more frequent hurricane occurrence than others, Parts of Texas, Louisiana,
Florida, and (to a lesser extent) North Carolina have been especially suscep-
tible. (Figure II-3 depicts annual probabilities of two magnitudes of
hurricanes for the entire Gulf and Atlantic coasts.)

Precise estimates of storm surge heights with various probabilities
are currently being calculated for all coastal communities participating
in the National Flood Insurance Program. Figure II-4 displays some
generalized estimates from Texas through North Carolina.

Temporal Variations - Hurricanes usually occur during the months of
August, September, and October, with the season beginning in June and
ending in November. There is also some evidence for longer term temporal

I1-5



(SL6T ‘aoife]l pue 312qi1aH)

orydoaiselr) 8T & SST < FANEA 06 > <
ows 13Xy 8T - €1 6T - TI€T 88°/Z - LT1°LlT %46 — 0Z6 Vi
2ATsu23Ixy ZT - 6 OET - TIT L%°8T - T6°LT %96 ~ SY6 €
831BI2pOK 8 -9 OTT - 96 16°8Z - 0S°8¢T 6.6 — S96 z
TeWIUTH S -9 6 ~ 4/ %6°8T 2 086 2 T
sayouyx SABqTITTTIH (Lax0891e))
(30 (4dw) Jaquiny
a8emeq a8ang SPUTM 2angsaad TeIJUd) 9Teds

SHONVY F7TVOS IENVOIHINH ZOmmZHm\MHmm<w

T-11 d149VL

II-6



(26T “dIIHM ROEL)

*SANOTOAD ‘IVDIdOYL WO¥MA HOVWVA 'IVILNZLOd 40 SddAL

z-11 E40914
~INAHHOD
10 5501 :
MDOLSIATT ‘Sdoud ] SINHINOD ¥ SETEACNT
*NOTIVIZDIA O STENIOMILS | fZaTT Nvwam — TALNED
NOIIDNYISIA OL_FDVHYQ 40 _SSOT | anm F
TH1d JRIOLS
X14ans AIVM ||
OILSTHOQ 40
AAIND -
NOTLYNINVINOD vaS FHI 40 NI mans | D
. TEATT NI ESTH -S34d DT¥AHA A
IONZQISENS || sarzrmiova owrmsia | AUS WHOLS “SONLV MOT
anv1 3 ONIJIHS OL SEOVWVA
SNOTLVTIVISNI TMOHSAd0 || NOTIVHADTANOD
3 THOHSNO OL SAOVRVQ TVISY0D V00T
, 20 SIDAAIT
NOLSTMINT ANITVS | sanovas a0 norsous f—
WO¥A - AITTIINZA
TI0S d0 §501 VANV TVISVOD ONIXT SAATI TVOOT
~MOT_30_HNIGOOLA 40 IOHLLH -

SHOINOS
—d8 ANIYVR
40 §501




2/4/1

5

: < ’
YA\ =
JRARY A vomweanes ~N NISToT\OX0/
IR GREAT HURRICANESNG [ 12 T

A o

QO ' 9}’:&*—"1 85 ‘

LNy

FIGURE II-3
HURRICANE PROBABILITY MAP

PROBABILITY (PERCENTAGE) THAT A HURRICANE (WINDS EXCEEDING
73 mph) OR GREAT HURRICANE (WINDS IN EXCESS OF 125 mph) WILL
OCCUR IN ANY ONE YEAR IN A 50-MILE SEGMENT OF THE

UNITED STATES COASTLINE (after Simpson and Lawrence, 1971)
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variation in where hurricanes occur. In recent years the occurrence of
major hurricanes has been concentrated in the Gulf reglon from northwest
Florida to Texas. But in the 1950's there seemed to be a concentration
along the Atlantic coast north of Florida, and during the 1940's the
Florida peninsula experienced more hurricanes than it has in a comparable
perlod since that time,

In 1976 forecasters at the National Hurricane Center in Miami,
noted a tendency for hurricanes to develop in the Pacific Ocean and to hit
the West and western Gulf coasts. The jetstream, a current of fast-
moving air that flows around the world at high altitudes, has meandered
south of its usual course, creating a "high-altitude vacuum" (Clark, 1976).
This vacuum, in turn, is responsible for causing unusual storm conditions,
Ocean storms tend to move toward the north and east to f£ill the vacuum,
These conditions resulted in three hurricanes during 1976 along the
California and Mexico coasts causing thousands of deaths and extensive
property damage. In a similar manner, the jet stream has forced Atlantic
hurricanes to move north and east away from the eastern U.S. mainland
where, historically, they have most frequently occurred .(see figure II-3).

Population at Risk - According to Friedman (1972) over 6,000,000
people are currently exposed to hurricane storm surge, with a substantial
portion concentrated in the Gulf region. Table II-2 lists the population-
- at-risk in six graduated storm surge exposure zones for the entire Gulf and
Atlantic Coasts. Table II-3 gives the population-at-risk in four wind exposure
zones. : ' :

Coastal population is growing three or four times as fast as the
national average, Figure II-5 illustrates that higher rates of population
growth are found closer to the coastline. A correlated concern is that
many of these new coastal residents have never had experience with major
hurricanes., As much as 77,57 of the residents in coastal counties have not
experienced a major hurricane, and in the coastal counties of some states,
virtually no one has had such experience (Herbert and Taylor, 1975).

Adding to the problem is the likelihood that many 1nexper1enced residents
1ncorrectly believe they are experienced.

Effects of Hurricanes - The two dramatic effects of hurricanes are
fatalities and property damage. TFigure II-6 illustrates a general trend
toward fewer deaths from hurricanes since the turn of the century. Since
1940, however, the average annual hurricane fatality figure has more or
less stabilized. As recently as 1957 over 400 deaths resulted from a single
hurricane in the sparsely populated but low-~lying area of Cameron Parish,
Louisiana,

The main reason for the reduction and stabilization in death rate
has been improvements in adjustment to the hazard, especially a much
better warning system. The potential still exists for catastrophes such
as the thousand-plus disasters of the past. ' As population continues to grow
in coastal areas, and as more reliance is placed on structural and
technological protection, the possibility of catastrophlc losses grows
Steadily.
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FIGURE II-5

PERCENT CHANGE IN POPULATION: 1960-1970

50

40 -

30

20 -

10

0
Areas
KEY

1 United States

Atlantic and Gulf coasts:

2 Coastal States

3 Coastal Counties

4 Coastal County subdivisions

5 Coastal County subdivisions excluding

any which extend more than
one mile inland.,

(U.S. Bureau of the Census, 1961; 1971)

I1-11




5500

SINWVOIYINH A8 S31VLS Q3LINN IHL NI Q3snNvD SHiv3d

—5000
—4500
- 4000
3500
—3000
—12500
-12000
— 1500

—1000
-1 500

]69-5961
1 9-0961
1 65-5961
4 16-056L
_Fjov-svel
¥v-0v6l

6£-5¢6l

DEATHS

YE-0L6l

16Z-5261

¥Z-026l1

1 61-Gl6l

1vi-0161

160-5061

snid 0009 [

Jv0-006l

Y

169-5961
V9-0961

_V//////////////////%//%//%// ANy 6 556
: By - 0s6l

) 67-S 6l
yv-0vél

I I IR 6E-§ €61

- DAMAGE

RN 7E-0€61

J6Z-5T61
¥e-0Z61

(Adjusted to 1957—59 base)

rIeIiaytyy ot - s e

1 ]

2200

| ]
© (=] o o
o o

] ]
S S
O
S 2 S S 2 . g

2000}
1800 -
1600}
1400}

(65 -£561 3SVE O1 Q3LSNIAV SINTVA) SAIVTIOQ 3O SNOITIW NI wOO_mmm dv3A JAId A9 3OVWYA

o

6

DEATHS AND DAMAGES FROM HURRICANES

FIGURE II-

IN THE UNITED STATES

(National Oceanic and Atmospheric Administration, 1972)



TABLE II-2

ESTIMATED POPULATION-AT-RISK/STORM SURGE
(Friedman, 1972)

Storm Surge Hazard Zone Return Period ‘Population=at-Risk

A less than 5 years 30,000
B 5-10 years 130,000
c 10-25 years 2,550,000
p 25-50 years - ’ 1,780,000
E 50-100 years 1,500,000
F more than 100 years 610,000

TOTAL: Zones A through F 6,600,000

TABLE II-3

ESTIMATED POPULATION-AT-RISK/HURRICANE WIND
(Friedman, 1972)

Hurricane Wind At least one occurrence in Population-at-Risk
Hazard Zone past 80 years in county-sized
' area of peak gust

A 125 mph or more 14,550,000
B 100 to 124 mph 37,230,000
c 75 to 99 mph 23,770,000
D 50 to 74 mph 20,490,000

TOTAL: Zones A through D 96,490,000
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While loss of life has decreased dramatically since 1900, property
damages have increased exponentially during:the same period. Figure
II-6 also depicts that trend. Property damages stem mainly from storm
surge flooding, but also.from erosion beneath structures built too closely
to the water, and from wind, which can affect a very large area. Average
loss per hurricane is approximately half a billion dollars, but could range
from $4 million to $4 billion (Sugg, 1967).

There are also other effects such as social and economic disruption,
injury, psychological trauma, water -supply contamination (with accompany-
ing health hazard), soil infertility, and shoreline changes. These and
others have been integrated into Figure II-2.

Ad justments EQ‘EEE Hazard -

Hurricane Modification - Cloud seeding of hurricanes with frozen nuclei,
such as silver iodide, was conducted as early as 1947 under Project Cirrus.
The theory, according to Simpson, is that seeding the clouds of the eye wall
would start a chain of events, with a reduction in maximum winds as the
net result., Other approaches suggest seeding outward from the eye wall,
thus short circuiting the inflow to the eye wall and diverting energy
from the core.

Relatively few hurricanes have actually been seeded, and the results
of those experiments are subject to various interpretations. Certain
fluctuations in wind speed occur naturally during the life of a hurricane,
v and it is difficult to ascertain whether reductions after seeding are
natural or artificial. There is some evidence that reduction of maximum
winds is on the order of 10 to 15% (Rosenthal, 1971). Advocates of seeding
point out that such a reduction could prevent millions of dollars in
property damage. Other observers point out that very little is actually
known about the effects of seeding and that the process may have such undesir-
able consequences as an increase in the area of damaging storm surge, or a
decrease in rainfall, or the diversion of the storm from its normal path.
More research and investigation is needed to resolve these differing opinions.

Structural Protection - Artificial means such as seawalls, bulkheads,
and revetments are designed to prevent the passage of waves and storm
surge. Since 1955 the Corps of Engineers has conducted well over a hundred
hurricane and shoreline protection studies. In over half of those,
structural protection was advised by the Corps as being economically justi-
fied, and most of those projects were authorized. Costs range from $100
to $400 per foot of shoreline protected (U.S. Army Corps of Engineers,
1971), and up to seventy per cent (70%) of the costs for protection of
non-federal public land are met by the Federal govermment. About sixty-
eight per cent (68%) of the coast is privately owned and ineligible for
Federally subsidized protection.

Some opponents to protective structures object on the grounds that the
works are inhibiting natural processes and thereby can cause ecological
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destruction and may even increase some types of damage. For example,
seawalls can modify wave action so that the ocean bottom profile steepens
and reduces beach width (Pilkey, Pilkey, and Turner, 1975).

A further objection is that such structures encourage
increased occupation of the hazard zone, and that when the
structure fails or is overtopped, as will happen eventually,

" losses may be greater than if the structure had not been
built.

Assistance to Natural Protection - Sand dunes and beaches serve as
buffers against coastal storms. In some places dunes and beaches have
been built artifically. In others, the natural protection has been
supplemented with additional sand, and in still other cases, steps have ,
been taken simply to stabilize and protect the natural features.

The protection from major storms afforded by such features
is dubious, however. Grassy dunes ten to twenty feet high have
been completely obliterated by hurricanes (Carnmey and Hardy,
1967). 1In actively eroding areas of beach, the artificial or
renourished features must be continually maintained,

Warning Systems - The hurricane warning system consists of three main

© stages:- evaluation (detection, measurement, collation, forecast);
dissemination (decision to warn, message content, distribution of message);
and response (interpretation of message and resultant behavior) (Mileti,
1975). Hurricane forecasting for the Atlantic and Gulf coasts is primarily
the responsibility of the National Hurricane Center in Miami, Florida.

There are essentially four elements to the forecast: 1) landfall locationm,
2) time of landfall, 3) storm surge height, and 4) wind speed. :
Currently the "24-hour landfall error" 1s approximately 100 miles. That

is, twenty-four hours before landfall, the NHC can predict landfall location
within 100 miles, However, it is well known that hurricanes can execute
intricate shaped trajectories which make landfall prediction quite difficult.
There is debate about how much improvement in forecasting is likely to

occur during the next decade.

The forecasts (in the form of Bulletins and Advisories) are disseminated
to the broadcast news media by regional Hurricane Warning Officers through
the NOAA Naticnal Weather Wire, a special circuit, which connects NWS
officers, private users and the news media. The message usually reaches.
the local level through the NWS office (which may also issue Local Action
Statements), Civil Defense (NAWAS communications net), Federal Aviation
Administration, or armed forces communications system. It is then
dispersed principally by radio and television to the public.

Response to warnings is extremely variable both within
and between communities. It appears that communities with
recent disasters are more likely to evacuate than other places.
However, due to scarcity of research it is difficult to predict
who will leave and who will not (Wilkinson and Ross, 1970; Baker,
Brigham, Paredes, and Smith, 1976).
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It is clear that complete evacuation would be unlikely or impossible
from some areas with high concentrations of people and limited access
routes. Miami and New Orleans have devised 'vertical" evacuation plans
in which multi-story buildings would be used as temporary shelters,
However, this should not be used as a basis for encouraging a policy of
high rise construction. A wiser strategy would be one which avoids the
need to evacuate more people than would be possible. Sanibel, Florida,
an island community with only one causeway to the densely populated main-
land, has adopted a population density ceiling.

. The evacuation difficulty increases the likelihood
of catastrophe in some coastal areas which are permitting
unbridled development.
Land Use Mandgement ~ The notion of land use management is to utilize
hazardous areas in ways which will minimize uneconomic risk of losses to
property and life.

Were all individual property owners to be fully informed of
the risk of hurricane damage, they might well make some
accommodations in their choice of building location and
design. They commonly calculate their risk for their expected
tenure of the property and lack direct incentives to avoid
investment which will induce damage to others or will incur
public expenditures for protection, relief and rehabilitation.

Land use management of the type mentioned above is usually accomplished
through govermmental regulation.

Zoning specifies a zone or zones in which certain uses are prescribed
and others prohibited. This is the technique by which most communities
have complied with National Flood Insurance Administration regulations (by
requiring new structures to be elevated or floodproofed to the level of the
one per cent (17%) probability storm surge). Some localities have gone
further. Warrick, Rhode Island has twé zomes. In the one per cent (17)
probability zone, the restrictions described above apply, but in a smaller,
more hazardous zone only non-commercial boat docks beach cabanas, and
_open space uses are allowed.

Building codes, also usually enacted at the local level, can require
that structures built in a hazard-prone area be constructed to withstand
minimum intensities of storm surge, wave action and wind. Some communities
have met FIA requirements through this medium. Model building codes
specifically designed for hurricanes were developed and adopted by places
in South Florida and Mississippi. Some places, like Portsmouth, Va.,
prohibit the subdivision of land if it would be unsuitable for intended
use due to flooding or other hazards, unless said hazards are overcome
(e.g. by filling or construction).

1I1-16



Texas recently drafted a model building code which employs the
concept of graduated hazard element zones. The most severe of the four
zones would be subject to storm surge, wave battering, wave scour, and
wind. The least severe would be subject only to wind. When a developer
subdivides land into lots for residentlal, commercial, or industrial uses
and sale, he must usually satisfy requirements imposed by the state or
the community. ' ‘

A zone at the shoreline can be delineated based on a number of varia-
bles, (e.g. one per cent (1%) probability storm surge, specific contour
levels, etc.). Construction within a zone can be controlled or prohibited
by establishing set-back lines. A unique aspect of this strategy is that
it often combines ecological, as well as natural hazard considerations.
Set-back lines have been enacted at both the local and state levels.

In recognition of the protective value of beaches and dunes, some
states and local governments have enacted laws to preserve these features,
but stop short of set-back lines, In practice, many of these laws are
difficult to enforce because the public fears the loss of open beach rights.
However, Palm Beach, Florida restricts construction and activities in the
area of sand dunes. ‘

Mobile homes are easily overturned and "relocated'" by strong winds.

- To prevent this, some laws require that the homes be anchored to withstand
certain wind loads. North Carolina has accomplished this through the state
building code, while Florida has a special vehicle safety law.

Section 280.305 of the Mobile Home Construction & Safety Standards
Act of 1974 (Title VI of P1. 93-383, U.S.C. 5401 et seq.) establishes
structural design requirements which must be met in order for mobile
homes to obtain designation as "Hurricane Resistive". Mobile homes must
be designed to withstand horizontal wind loads not less than 25 psf and a net
uplift not less than 15 psf. TFor exposures in coastal areas, HUD may
establish more stringent requirements. (Federal Register, Vol. 40, No. 244,

Federal Aid - Insurance coverage against wind damage has long been
available through home owner's policies. Since 1968 communities have had
the opportunity to make coverage against storm surge and wave action
available to residents by enacting land use controls in the one per cent (1%)
probability storm surge zone. The National Flood Insurance Act made flood
insurance ayailable in communities which agreed to require structures to be
elevated of’floodproofed to the level of the one per cent (17) probability
storm surge (or other flood source). The Flood Disaster Protection Act of
1973 prohibits the use of federal funds for construction in, or acquisition
of flood-prone land, and prohibits loans from federally insured banks and
loan institutions for construction in such areas unless the community is
participating in the National Flood Insurance program. The Disaster Relief
Act of 1974 provides for sanctions against communities not insuring public
structures,
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Relief (emergency services immediately following a
disaster) and rehabilitation (longer-term activities to
restore a stricken community to well-being) involve a
plethora of Federal, state, and local agencies and
private organizations. '

For'a detailed discussion see Mileti (1975). The law under which the
nation now operates is the Disaster Relief Act of 1974 (PL 93-288).

Experiences

Several states, including Georgia, Maryland, Maine, Massashusetts, New
Jersey, New York, Rhode Island, and Virginia, have recognized the value
of coastal wetlands, marshlands, tidelands, and estuaries, and have attempted
to protect such areas by regulating their development through a variety of
laws. Most of the legislation is oriented toward ecological preservation
and protection, and thereby incidentally, excludes intensive, loss~prone
activities. Others, such as Massachusetts, deal explicitly with the hazard
problem by reviewing any proposal which alters land subject to tidal action,
coastal storm flowage, or flooding.

C. Flood

Delineating the Hazard

Every coastal state experiences flood losses. Measured by absolute area,
the large majority of lands in flood plains are in the south Atlantic and
Gulf states. Smaller reaches of streams draining into the Great Lakes, New
England and Pacific coasts are subject to overflow from peak discharge. Areas.
subject to flooding are increasing because of several land use changes. FEn-
larging the area of land covered with impermeable highways, roofs and parking
lots has accelerated the runoff from urban areas, Increasing erosion of
farm and grazing lands has raised the level of channels and the cross-section
area flooded.,

For the country as a whole, the major populations affected by floods
are in the Northeast, Ohio basin, Great Lakes and California water resources
regions, Within the coastal zone, the more vulnerable urban places are along
the North Atlantic and Gulf coasts, although along the Gulf, flooding does
not present a major problem except when associated with hurricanes or
offshore storms,

The National Weather Service, one Federal agency with records on nation-
wide flood losses, has documented a persistent upward trend in total property
losses, although per capita loss has remained fairly constant (Figure II-7).
By 1970, the accepted average annual loss figure was $1 billion. Because of
difficulty in collection and differences in methods and numbers of years for .
which data was collected from various government agencies, this estimate
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may be considered low. The Office of Emergency Preparedness in 1972 placed
the loss figure at $2 billion annually. However, only a small proportion
is in coastal reaches such as the Mississippi delta.

There appears to be no clear relationship between property damage
and number of fatalities. Flood related deaths are at a slow increase
or stationary, between 2.5 and 5.8 per 10 million population, with the
exception of three five-year periods, according to NWS data.

Flood control and protections works have lowered the level of damage
from the more frequent floods; however, they have increased the potential
for great catastrophes. Dams and levees have historically encouraged the
increased occupation of the '"protected" area and consequently have increased
the possibility of heavy property and human losses and broad social dis-
ruption when a flood larger than the design flood occurs. For example,
much substantive damage in and near northern coastal states during Tropical
Storm Agnes was behind levees and flood walls.

On the individual level, the loss of personal possessions and economic
security, as well as the death or injury of friends, may result in
psychological depression and anxiety. The flood event disrupts families by
altering economic security. On the other hand, floods may provide an
impetus for commercial development and construction of housing units out-
side the flood plain. Flooding may cause temporary or permanent disintegra-
tion or reduction in the effectiveness of organizations. These conditions
may provide opportunities for internal change and improvements within a
community. The most serious effects of flooding may be felt at the
community level. Public buildings, schools and services are often damaged.
Destruction of private property diminishes the local tax base. This may be
compensated partially by increased city sales during the reconstruction.

Adjustments To The Hazard

Control and Protection Works - Numerous governmental and quasi-
governmental agencies are involved in the construction of dams and
reservoirs, levees, channel improvements, floodways, and in the utiliza-
tion of other structural works and land treatment measures to inhibit
water runoff. Mean annual construction expenditures for single-purpose
flood control structures, i.e. omitting the much larger multipurpose pro-
jects, by the U.S. Army Corps of Engineers, have been approximately $100
million for the last decade. Flood damages averted by flood control works
are estimated at $1 billion annually,

These control works, however, are effective only‘up to the project
design levels. According to some estimates, (e.g. Holmes, 1961),
damages occurfing from overtopping, failure of works, or an incomplete
structure may account for 33-40%7 of total flood losses, and occur in one-
third of the total years. '
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Major constraints to building these types of control works
are the large capital expenditures by federal and state
agencies, and local opposition to new engineering works because
of their envirommental impacts.

Warning Systems - The preparation of official river stage forecasts
and the issuance of public warning for floods is the responsibility of
the National Weather Service (NWS) of NOAA. Twelve River Forecast
Centers and the second level River District Offices serve approximately
ninety-seven per cent (97%) of the country, including Alaska.

In the communication of warnings, floods are divided into two types:
"floods" which develop and crest over a period of six hours or more, and
"flash floods" which develop and crest more quickly. The latter rarely
occur in the coastal zone section of streams. Forecasts and warnings
are transmitted over NOAA National Weather Wire Service, and the NOAA VHF/
FM Radio Transmission Service to organizations in the thirty-six
states with receiving equipment. Other areas and states are notified
by telephone or telegraph.

. As with other hazards, the response to flood warnings
varies greatly and is not well understood. If warnings are
to serve their purpose, it is essential to anticipate the
kinds of individual and organizational action which can and
will be taken.

Flood Proofing -~ Alterations in design and construction of structures
can greatly decrease susceptibility to flood damage. A recent Corps of
Engineers handbook (1972) lists seven flood-proofing measures: 1) dinstal-
lation of watertight windows and door closures; 2) provision for moving
damageable contents to higher levels; 3) provision for emergency
-operation of electricity, water, and sanitary services; &) sealing of
walls and foundations against seepage; 5) strengthening of walls to
resist hydrostatic pressure loads; 6) installation of drain sumps and

-pumps; and 7) elevation of structures on open columns.

Conditions which inhibit the adoption of flood proofing techniques
are: the high monetary costs of floodproofing large old structures as
well as small residential structures; the lack of technical knowledge
by architects; the lack of public encouragement through tax deductions,
information or other means; and finally the reluctance of property
owners to acknowledge the infrequent hazard and make visible changes in
their structures.

Care should be taken so that the adoption of flood-proofing
techniques do not induce a false sense of security and thereby
encourage owners to expose themselves unwittingly to catas-
trophic events exceeding the limits of the structure.
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Land Use Management - Land management techniques can help lessen the
impact of flood by 1) reducing the population and economic investment
at risk; 2) reducing the public cost of subsequent evacuation, relief
and rehabilitation, and 3) decreasing dependence upon costly protection
works requiring public investment. Although flood plain land use manage-
ment techniques may be the adjustments most likely to reduce national
-flood losses, adoption has been slow. '

One difficulty has been in calculating the full social costs and
benefits, especially estimating the value of foregone economic develop~
ment. This is coupled with a strong sentiment in some communities
against governmerital interference in the use of land,

In those communities that have passed land use regulations,
factors that assisted the early adoption include: availability
of flood plain information, recent flood experience, vigorous
state support for a strong local planning authority, strong
local leadership, and an envirommentally conscious citizenry.

Federal initiatives have helped to provide direction and to en~
courage wise use of flood plains. Executive Order #11296 of 1966 (see
Section III) discourages the location of federally supported building on
flood plains, but it has been slow in implementation and lax on
supervision. Incentives to land use management accompanied the Flood
Insurance Act of 1968, by requiring the adoption of community flood
plain regulation for eligibility in all phases of the insurance program.

Flood Insurance - Through the National Flood Insurance Act of 1968,
subsidized insurance is available to residents of participating
communites that have adopted and are enforcing flood plain land use
management measures that modify the flood loss susceptibility. FIA
supports delineation of flood hazard areas and estimates the actuarial
and subsidized premiums.

The rate of individual purchase of flood insurance has been
dncreasiig.

A Common explanations for failure to purchase insurance
revolve around ideas that individuals are unaware of its availa-
bility and costs, that they have little incentive to purchase
insurance if relief and loans are readily available after floods,
the homeowners' perception of risk, and psychological barriers.

Relief and Rehabilitation - Relief and rehabilitation are available
under three categories of flood impact: national disasters declared by
the President; national disasters declared by either the Small Business
Administration or the Farmer's Home Administration; and floods in which
no declaration of disasters are made.

At the request of the governor of an affected state, the President
may declare a national disaster if necessary relief exceeds the resources
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of the state. Loans, temporary housing and restoration of public facil-
ities can then be made available. In a ten year period, approximately
twenty-two per cent (22%) of all major disaster declarations were for -
floods, amounting to seven per cent (7%) of all allocations from the
‘President's disaster fund. Some other types of disasters, especially
‘severe storms along coastal states, may be closely associated with
flooding and can be included in this category.

When a Presidential declaration is not made, department
heads of various federal agencies, such as the Small Business
. Administration (SBA) or the Farmer's Home Administration (FHA),
may issue loans to individuals and small businesses or provide
other aid to agriculture areas.

When a flood event is not declared a disaster and these
types of the federal aid are not provided, individuals must
bear the loss. Volunteer relief organizations, in addition
to the Red Cross, assist whether or not a disaster is declared.

The Federal government has helped to relieve some of the financial
burdens of these volunteer groups. The Red Cross provides aid through -
the cleaning, building and repairing of homes and household furnishings.
The Federal government augments this by its continuing urban renewal
programs and by paying for household accessories for those going into
publically-provided housing. The U.S. Department of Agriculture issued
$9 million worth of food stamps to Tropical Storm Agnes victims, a
savings of that amount to the Red Cross. All of these measures ultima-
tely lead to an increased burden which must be borne by individual
taxpayers. '

Trends

In most communities, more than one adjustment to flood is employed.
Although difficult to document, there seem to be four main combina-
tions of .adjustments within urban flood plain areas. Heavily relied on-
is loss~bearing by individuals, supplemented with public relief and
rehabilitation and the availability of insurance. In a second combina-
tion, public entities, in order to qualify for continued flood insurance
adopt a program of land management. Third, flood proofing and community
preparedness plans are built on adequate warning systems. A fourth
common set of adjustments is the combination of control and protection
works with relief and rehabilitation assistance when the works provide
inadequate protection.

Another trend is the increasing encroachment upon flood-prone lands.
Although no direct correlation has been found between the degree of
protection and the rate of flood zone growth, it is likely that flood
protection works, along with highway construction, provide a stimulus
for further flood plain invasion. The nation has attained a position
in which it suffers large annual losses from occupying its flood plain,
while reaping benefits from the use of those lands. Any change in land
use would either increase or decrease net benefits.
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National Forces

At least three trends underway at the national level may change the
current types and mixes of adjustments to floods:

Population Shifts - Réduction in the number of farms and the increase
in farm size has reduced rural population in flood plains. At the same time,
the enlarged urban empleyment is accompanied by the invasion of suburban and
exurban families into former agricultural areas. This growth has resulted in
extensive residential, ‘commercial and industrial development in unfamiliar

low-lying areas.

Consumers. and Workers - One trend that may highlight awareness of risk
potential, and thus reduce damage potemtial, is the movement to protect
workers and consumers. Through its activities to protect workers from -
undue risks, the Occupational Safety and Health Administration (OSHA) may
help to restrict manufacturing and commercial employers from locating in
flood vulnerable areas. Many Federal and state agencies seek to prevent
purchasers from being victimized or exposed to unforeseen risks. Along
these lines, control of house design and location, especially mobile home
property and new subdivision development may be advantageous.

. Citizen Participation - Increased citizen participation in decision-
making has had a dramatic effect on blocking the construction of flood.
control works. Emphasis on the preservation of wildlife and aquatic habitat
and the maintenance of open space in urban areas has curbed the construction
of new structures and helped to promote nonstructural measures of reducing
or controlling flood losses.

Federal Aid Eﬂg Guidel ines

Federal emphasis on certain adjustments has changed markedly over the
past 20 years.. Greater attention has been given to relief and rehabilitation
and to insurance and less to control and protection works. Expenditures
moved dramatically from local and private to national budgets. Interest in
warnings, flood-proofing, and land use regulations has grown. A study funded
by FDAA to develop guidelines for implementation of Section 406 ("™inimum
Standards for Public and Private Structures") of the "Disaster Relief Act
of 1974" (PL 93-288) 1s nearing completion. The draft report, Flood Hazard
Mitigation Through Safe Land Use and Construction Practices, is a statement
concerning what is actually being done, as opposed to what can legally be
done. .A final report including recommendations will be presented upon
conclusion of the field studies.

The Corps of Engineers has long been active in determining the magnitude
of the flood hazard and designing contrel and protection works. It now is
giving somewhat more emphasis to nonstructural alternatives. The Department
of Housing and Urban Development assists communities in delineating flood
boundaries, and calculates rates for the flood insurance program. The U.S.
Geological Survey maps flood-prome areas and documents major flocods. 1In the
past, the National Weather Service, along with the evaluation and
dissemination of warnings, has been involved in compiling flood damages on
a national level. The U.S. Department of Agriculture has provided technical
aid in rural areas by conducting £lood studies and studies of soil processes.
Federal funds for research on flood problems have come from the Office of
Water Research and Technology. The National Science Foundation has funded
studies of the social and economic aspects of flood hazard.
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D. Coastal Erosion
Delineation of the_Hazard Area

About one quarter of the national shorefront (20,500 miles) is
subject to significant coastal erosion (see Figure I1I-8 and Table II~-4).
It is a critical problem along 2,700 of those miles. Not all coasts are
equally threatened. Social and economic costs of erosion are greatest
in the Atlantic and Great Lakes states (Michigan Coastal Zone Labora-
tory, 1976), whereas the Pacific Northwest, Alaska and Hawaii dre least
affected.

With £ifty per cent (50%) of U.S. residents living in coastal counties,
population within one mile of the coast growing threec to four times
faster than the national average, and coastal land commanding premium
prices, both the numbers of people and the amount of investment exposed
to erosion are steadily increasing (Soremsen & Mitchell, 1975). However,
most large cities ara located on sheltered sites some distance removed
from the open shore.- Erosion-prone communities are typically small
.cities (less than 10,000 population), villages and unincorporated areas
dependent upon vacation tourism and recreation income.

. Defining the Hazard

Coastal erosion is the set of processes by which more shore zone
material (i.e. sand, rock, other sediments) is removed than deposited
(Bruun, 1968). This may be accomplished by water, wind, gravity or
biological (including human) action. Waves and tides are the most
frequent agents of erosion but ice may contribute to structural damages
in the Great Lakes, and drought has increased California's erosion losses
by reducing the sediment delivery capacity of coastal streams. Overused
and poorly vegetated dunes are subject to migration and wind erosion,
steep cliffs may collapse after being partially undercut by waves, and
many shores protected by limestone or coral reefs suffer slow bilological
depletion. ' :

In the long run changing sea levels.are the yltimate cause of
oceanfront erosion (Bruun, 1955; Emery, 1967; Hicks, 1968) but coastal
storms coinciding with high tides produce the most immediate and troubling
effects (Wood, 1976). On Great Lakes shores spring and fall storms
during periods of high water cause the worst problems. In both cases,
vulnerable backshore margins, which are not normally exposed to wave
action, come undar attack.

Characteristics of Eroding Coasts - Natural erosion is most pro-
nounced on exposed coasts composed of unconsolidated materials, with meager
sediment supplies, many inlets, deep water close inshore, strong currents,
and stormy climates (Inman & Brush, 1973). Human activities exacerbate
these problems in a variety of ways. Probably the most important are the
development of structures which impede beach sand supplies. These include
dams or rivers, shorefront groins and jetties, revetments on headlands
which formerly supplied sediment, and occasionally upland soil conserva-
tion schemes, Clearance of dune-stabilizing vegetation and truncation
of the dunes themselves remove both a source of sediment and a protective
barrier against high water and storm waves. Mining of beach sands
produces a simila: result. Sandy barrier islands may be dessicated by
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TABLE TI-4

NATIONAL ASSESSMENT OF SHORE EROSION

Region Total Critical Non-Critical Non-Eroding
Shoreline Erosion Erosion {miles)
(miles) (miles) (miles)

North : .

Atlantic 8,620 1,090 6,370 1,160

South

Atlantic- _

Gulf 14,620 980 1,840 11,800

Lower ‘

Mississippi 1,940 30 1,550 360

Texas Gulf 2,500 100 260 : 2,140

Great Lakes 3,680 220 1,040 2,420

California 1,810 80 1,470 260

North

Pacific 2,840 70 190 2,580

Alaska 47,300 100 5,000 42,200

 Hawaii 930 30 80 820

Total For

Nation 84,240 2,700 17,800 63,740

(U.S. Army Corps of Engineers, 1971)
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lowering water tables due to overpumping wells or diverting domestic waste
water and storm runoff into sewer systems rather than septic tanks and
dune fields. Elsewhere, land subsidence associated with the depletion of
ground water and coastal oil and gas resources may increase wave
‘effectivenass, while.channel dredging may undermine adjacent bulkheads
‘and steepen offshore submarine profiles.

Assessment of Losses - Average coastline recession rates of twenty-
five feet per year are not uncommon on gome barrier islands. Severe
storms can remove even wider beaches and twenty foot high dunes in a
single night. Such losses are normal aspects of a dynamic natural
system. Societal problems arise only when populated areas are affected.
On the heavily developed shores in urban areas recessions of one foot
per year may be catastrophic.

Average annual losses due to erosion have been conservatively
estimated at $300 million ( Sorenmsen & Mitchell, 1975). Most of this
stems from damage to private homes, beaches and shore protection
structures. Deaths are extremely rare. As coasts continue to attract
industries seeking tidewater sites, support facilities for offshore
continental shelf {0CS) oil and gas development, nuclear power plants
and a stream of second home owners and retirees, the toll of losses is
certain to increase,

Adjustments to the Hazard

Most owners of private waterfront land tend to install control and
protection devices or to simply bear erosion losses. Privately
sponsored protection structures are frequently destroyed or rendered
ineffective because of inadequate design and poor comstruction (U.S.
Army Corps of Engineers, 1973). A much wider range of options is
utilized by public agencies, although structural protection is also
generally preferred. Even the best engineered structures are often
subject to heavy damage (see Table IT-5). This stems from the diffi-
culty of ‘designing models and protection structures to withstand
the extreme physical stresses of marine enviromments, and also from a
lack of. coordinated, systematically gathered data on major littoral
processes and site conditions.

Control and Protection Workg - A majority of erosion control
structures are designed either to 1) reduce wave energy (e.g. seawalls,
breakwaters, sills composed of sand filled nylon bags), or 2) impede
littoral sediment supplies and build up protective beaches (jetties,
groins, 'sandgrabbers," beach nourishment schemes). Where erosion is caused
by starvation in the lee of obstacles to littoral currents, fixed or
mobile sand bypassing systems are sometimes established. In 1973, costs
of bulkheads, seawalls and other structures were estimated to vary
between $25 -300 per linear foot but rising to $5000 per foot for massive-
bulkheads (U.S. Army Corps of Engineers). Under provisions of the
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TABLE II-S

ADJUSTMENTS TO COASTAL EROSION

Adjustments

Modifications of

Modifications of Adjustments Affec-
to Loss Loss Potential Erosion Hazard ting Hazard Cause
Major Major Major Major

Loss bearing Coastal zoning Dune stabiliza~ Prohibition of
‘ : tion beach. excavation
Insurance Building Codes and harbor
Groins dredging
Minor Public purchase _
of eroding land Bulkheads, sea- Sand bypassing
Emergency walls and revet~
public Land £f1i11 ments Minor
assistance
Minor Beach nourishment Removal of river
and "perched" dams ‘
Moving endan- beaches :
gered struc- Biological control
tures Breakwaters of marine fauna
Installing deep Minox Reduction in soil
pllings ‘ conservation
Regulations activities
Storm warning against destruc-
and forecasting tion of dune Storm track
" systems vegetation modification
Phreatophyte
removal '

Artificial sea-
weed, bubble
breakwaters

Emergency filling
and grading

Grading slopes

(After Mitchell, 1972)
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Shoreline Erosion Demonstrétion Act (1974), Great Lakes and CheSapeake
Bay states are experimenting with low-cost protection structures '
averaging between $50-100 per linear foot (Brater, et al., 1975).

Beach nourishment is an increasingly preferred adjust-
ment because it involves minimal interference with beach.
.dynamics, can be accomplished with little ecological

. disruption, and quickly produces a useable recreational
and protective beach (U.S. Army Corps of Engineers, 1973a).

The high initial cost ($50-300 per linear foot) and subsequent amnnual
replenishment costs ($5-15 per foot per year) frequently exceed the
volume of erosion damages. Some states have empowered localities to
establish Beach Protection Districts with taxation powers to fund such
long term maintenance programs (e.g. Virginia Beach's "sand tax").
Inventories of submarine sand supplies and improvements in dredging
technology have increased the prospect of continuous beach nourishment
from offshore sources. For example, Hawaii's Submarine Sand Recovery
System (SSRS) with costs of $3,01-$5.49 per cubic yard compare favorably
with $15 and up for delivery from inland sources (Moberly, et al., 1975).

Beachfront homes are often placed on tall wood or steel pilings
for protection against both flooding and erosion. Elevation above
one per cent (1%) probability flood levels is now a general land
use requirement in communities seeking to avail themselves of Federal
flood insurance. Pilings may preserve exposed buildings from destruc-
tion while surrounding beaches, dures, roads, utility lines and other
infrastructure are heavily damaged.

Thus piling can indirectly encourage continued post-
disaster redevelopment of erosion hazard areas. However,
under the National Flood Insurance Program, the elevation
requirement for structures in areas subject to wave wash
states that the pilings be driven below the erodable sand.

) Dune stabilization - by means of vegetative plantings and sand
fences is often practiced by individuals, municipalities and public
agencies, in conjunction with other adjustments (U.S. Army Corps of
Engineers, 1957; 1969; 1970; Dolan, et al., 1973).

To achieve success, this strategy requires strict
land use control to minimize occupance of, or passage
through, the vulnerable outer dune lines.

Other structural adjustments to coastal erosion such as weather
modification to reduce storms, self-dredging harbors, floating
breakwaters, and artificial seaweed, are either at experimental
stages or have limited utility.

Most coasts which have received structural protection against
erosion are already heavily developed or held as public open spaces.
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There is little evidence that such works encourage further invasion of
hazard prone areas except where they are. part of cooperative erosion
control and hurricane protection schemes. '

Under existing law, Federal shore protection funds cannot be used
to protect private land unless there is a significant public benefit.
Except in Connecticut and Maryland, where state assistance is available
to private landowners, major public assistance is denied to the privately
owned 2/3 (67.67%) of America's critically eroding coasts (Coastal Zone
Research Corporation, 1975).

Land Use Management - The widespread enactment of land use controls
to mitigate erosion hazards is a post World War II phenomenon stemming
from disenchantment with traditional structural protection practices
and also from a growing need to resolve intense commercial, industrial,
residential and recreational conflicts for coastal locations. Further,
about thirty per cent (30%) of critically eroding shores are publicly
owned (parks, nature reserves, recreation areas, historic sites). They
have been subject to use regulations such as restrictions on access or
permitted activities (U.S. Department of the Interior, 1976).

Erosion risk maps are a prerequisite for effective land
use controls.

These generally depict average rates of historical shoreline change

as determined from maps, charts, surveys, aerial photographs and similar
sources. Such maps have been, or are being, prepared for the Great
Lakes and Chesapeake Bay shorelines which suffer from severe coastal
bluff recessions (Joint Federal Regional Council, 1974). The Federal
Insurance Administration is currently working with the Great Lakes Basin
Commission to study the erosion hazard, and will soon be mapping the
hazard areas and developing specific regulatory requirements for these
areas. Exposed oceanic shores are subject to great variations in
erosion rates and there risk mapping is a more complex task. Neverthe-
less, Virginia's Shoreline Situation Reports and Maryland's Shore Erosion
Mapping program are prototypes which may be useful elsewhere.

Public dissemination of information about erosion hazard
is a necessary corollary to risk mapping.

This need is partly met in specific locations by Corps of Engineers
caastal Flood Plain Information reports. In some states, erosion
hazard data is incorporated into handbooks for coastal developers and
property owners (Carroll, 1975; Bird, 1975). Elsewhere it is written
into plat books and mortgage agreements.

In addition to public acquisition, land use controls may involve
clearance or relocation of structures ($5000-7000 to move a threatened
house is typical). In many places, either strategy (i.e. acquisition or
relocation), can be a preferred alternative to structural protection
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(Great Lakes Basin Commission, 1976). The high cost of shorefront
property and its substantial income producing potential frequently deter
public acquisition, although methods such as purchase of development -
rights or easements, purchase-leaseback agreements, and delayed pay-
ment schedules, can ease the problem. Major legal complexities also
‘hinder public land acquisition. Along heavily developed shorefronts,
many different interest groups, municipal govermment agencies and

various citizen groups, may be opposed. Public ownership is often vigor-
ously resisted because it raises the possibility of open and unrestricted
use of beaches by non-~residents.

A wide range of other land use controls also exists. These include
moratoria on building construction, zoning, building codes, setback
lines, subdivision regulations, dune conservation and sand removal
ordinances, special tax districts, transfer of development rights,
Planned Unit Development regulations, drainage and sanitary codes,
seawall standards, scenic easements and permits for special uses.

All coastal states possess some regulations designed to reduce
vulnerability to coastal erosion. Most northeastern states now have
a comprehensive range of statutes pertaining to: construction of shore
protection works, issuance of permits for structures in coastal waters,
removal of sand and gravel from beaches, alteration of dunes, preserva-
tion of wetlands, and regulation of subdivisions in coastal hazard zones.
Many Great Lakes states have also adopted, or are in the process of
adopting, statewide subdivision controls, etosion risk zones or setback
ordinances. A 1972 survey showed that no more than eleven per cent (11%)
of shorefront communities had adopted any one of the three most popular
land management tools to control erosion (i.e. setback lines, controls
on structures, dune conservation statutes) (U.S. Water Resources Council,
1972). Passage of the Flood Disaster Protection Act of 1973 (P.L. 93-234)
significantly increased this number.

Relief and Rehabilitation - Erosion losses generally are borne by
affected individuals and groups. Voluntary assistance from the Red Cross
or the Salvation Army is generally not available because most coastal
property is used for recreation rather than permanent residence. Nor
can erosion losses be deducted as a business expense from income tax
returns (American Shore and Beach Preservation Association, 1970).

Presidential declarations can make disaster aid available
to erosion victims and Public Law 93-288 also provides
emergency aid if erosion is associated with storms (avulsion).

Public Policy

Trends in Adjustment - In the nineteenth century coastal protection
was largely the responsibility of shorefront property owners and
municipalities., Subsequently, states established agencies to oversee
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erosion control (New Jersey Board of Commerce and Navigation, 1922).
The U.S. government has been active in this field since 1930. Protective
works such as seawalls and bulkheads were favored during the 1930's and’
40's. Beach nourishment and dune stabilization were added during the
1950's, and sand bypassing systems for inlets were adopted during the
1960's. Since that time there has been a shift towards 1) land use
management as a promising alternative strategy (U.S. Army Corps of
Engineers, 1971); and 2) the design of moderate cost engineering
devices suitable for small scale structural protection - especially in
sheltered waters. These objectives reflect both the findings of the
National Shoreline Study (1971) (U.S. Army Corps of Engineers, 1971a),
and new Federal legislation.

The Coastal Zone Management Act may help to integrate structural
protection works within a larger management framework. Identification
of erosion risk zones, designation and regulation of hazard-related
Geographic Areas of Particular Concern, or adoption of similar manage-
ment statutes, are widespread features of evolving plans in affected
areas.

In 1974 Congress appropriated $8 million for the Shoreline Erosion
Demonstration Act. and established a five-year program of low cost projects
on sheltered waters to demonstrate engineering and vegetation adjustments.

Federal Protection Programs ~ The Corps of Engineers carries out most
Federal coastal protection work. Up to seventy per cent (70%) of the
costs of structures, beach nourishment schemes, dune stabilization and
other works on non-federal public land are paid for by the Federal govern-
ment. Such money is periodically appropriated by Congress in omnibus Civil
Works acts. Where protection of private land results in substantial
public benefit, local and state govermments usually contribute at least
fifty per cent (50%) of the total costs and the Federal govermment provides
the balance. If no public benefits are foreseen, the Corps of Engineers
can only offer advice on appropriate technology and related subjects
(U.S. Army. Corps of Engineers, 1973). The sole exception is for emergency
projects costing less than $1 million, and these may be undertaken without
Congressional approval. Some states also provide public assistapce to
private landowners and many more have state-funded protection programs
for public shores.

Insurance — Since the 1973 expansion of the National Flood Insurance
Act of 1968, adoption of insurance against erosion has experienced a
dramatic increase. Previous attempts to market erosion insurance failed
to attract sufficient subscribers, but extension of the federally
subsidized flood insurance program to encompass storm~caused erosion
losses has proved attractive to property owners. Single family residences
can now be insured up to $70,000 and multi-family homes for up to $200,000
at low premium rates.
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There are no clear guidelines by the Federal Insurance Administra-
tion to determine whether erosion losses are ¢aused by storms (avulsion)
or by long term processes (erosion). Only the former qualifies for
reimbursement. Considerable delays occur between a community's
acceptance into the "'emergency' phase of the program (minimum land use
regulations required), and its passage to the 'regular" phlase (strong
land use controls required).

Interaction of Adjustments - Adoption of a specific response to
erosion can: increase, decrease, or have no effect on the likelihood of"
other adjustments being adopted. For example, if erosion control and
protection structures are adopted it is likely that they will be comple-~

~mented by warning systems and relief and rehabilitation programs,
whereas it is less likely that non-structural controls and land use manage-
ment tools will be employed.

In most communities a mixed set of adjustments is preferred to
single component programs. The Federal flood insurance and land use
zoning package is one such widely adopted scheme. Other sets include:
1) structural protection, warning and relief programs; 2) beach
nourishment, dune stabilization and piling schemes; and 3) long range
forecasting and permanent evacuation of high risk areas. Although
potentially of equal effectiveness, each set of responses employs
different means to reduce damages, produces different costs and will
have different effects. The most advantageous combination of adjust-
ments will vary in response to local conditioms.

Erosion adjustments may also mitigate other hazards, and land use
controls usually serve multiple purposes often unrelated to hazard miti-
gation. ‘

Costs ~ To the cost of capital construction and annual beach nourish-
ment must be added considerably greater indirect and intangible costs of
social, envirommental and aesthetic disruption which accompany such
schemes. .Some observers suggest that present programs cost more than the
land is worth, but sensitive benefit-cost analyses are presently lacking.
It does appear, however, that erosion damages are increasing steadily and
that protection strategies which depend solely on structural devices have
had limited success in curbing erosion losses.

E. Landslide

Most coastal landslide activity is found along the Pacific, including
the states of California, Oregon, Washington, Alaska and Hawaii. Although
landslides occur in other coastal states, they do not generally occur in

their coastal zones (see figures II-9 & 10).

Landslide is a highly localized hazard. While much of the Pacific
coast is affected by landslides, the hazard is limited in its extent to
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AREAOF MODERATE LANDSLIDE SUSCEPTIBILITY (LANUSLIUE'
SUSCEPTIBILITY OF UNDERLYING ROCK OR EARTH MATERIAL
ESTIMATED 7O BE MODERATE: NATURAL OR ARTIFICIAL CUTTING
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TION MAY CAUSE LANDSLIDING OF SETWEEM 15 AND 1.9
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AREA OF HIGH LANDSLIDE INCIDENCE (MORE THAN 15 AREA OF HIGM LANDSLIOE SUSCEPTIBILITY (LANDSLIOE

\/H PERCENT OF AREA OF LNDERLYING ROCK OR EARTH SUSCEPTIBILITY OF LNDERLYING RDCK OR EARTH MATERIAL
@ WATERIAL ESTIMATED TO BE INVOLVED IN LANDSLIDING) / ESTIMATED TU BE HIGH) NATURAL OR ARTIFICIAL CUTTING
/ O] LOADING OF SLOPES OR ANCMALDUSLY HIGH PRECIPI-
7% TATION MAY CAUSE LANDSLIDING TNVOLVING MORE THAN

AREA OF MUDERATE LANDSLIDE INCIDENGE (LESS THAN 15 PERCENT 15 PERCENT OF THE RDCK DR SOIL)

T@ BUT MORE THAN 1.5 PERCENT OF AREA OF UNDERLYING ROCKN(G)R .
TIMATED TO BE INVOLVED IN LANDSLIGEN 1
AT MATERLAL AREADF MODERATE LANDSLIOE SUSCEPTIBILITY (LANDSLIDE

\
\ SUSCEPTIBILITY OF UNDERLYING ROCK OR EARTM MATERIAL
ESTIMATED TO BE MOOERATE; NATURAL OR ARTIFICIAL CUTTING
OR LOADING OF SLOPES CR ANDMALOUSLY HIGH PRECIPITA-

TION MAY CAUSE LANDSLIDING OF BETWEEN 15 AND 1,8
PERCENT DF THE UNDERLYING ROOC OR So1L)

AREA OF LOW LANDSUIDE INCIDENCE {LESS THAN 1.8
PERCENT OF AREA OF UNDERLYING ROXK OR EARTH
MATERIAL ESTIMATED TO BE INVOLVED IN LANDSLIDING)

PRELIMINARY [ANDSLIDE OVERVIEW MAP
OF THE GREAT LAKES REGION

FIGWRE II-10

small well-defined, although not always identifiable, locations. What
may be a problem for one person, may not be so for his neighbor.

Landslides become hazardous when they coincide with the activities
of man. In coastal enviromments some of the areas most aesthetically
desirable are also ateas of high landslide activity. In fact, land-
sliding is one of the processes which creates visually pleasing coasts.
When people occupy such areas, they are exposed to risks of landslide
damages. "As recent years have witnessed a rapid population growth 1n
the coastal enviromment, the problem has become more severe. Losses
from landslides will continue to increase with the growth of population
unless specific measures are taken to reduce loss,
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Defining the Hazard

A landslide is the perceptible downslope movement of rock, debris,
soil, or some combination of these materials, This excludes from consider-
ation very slow types of erosion and soil movements which are found in
coastal enviromments., Regional perceptions of landslides differ; what is
called a landslide in California may be considered erosion along the
Great Lakes. ' o

In general, landslides are classified into three types of movement -
falls, slides, and flows (see figure II-11). Also important in describing
landslides. is the nature of the material in motion which varies in particle
size from large rocks to very fine soils. Falls are simply the free
falling of any size material. There are two types of slides: . planar slides
refers to the non-rotational or straight movement of a large block (or
blocks) of materials, and slumps are rotational movements of a single or
multiple slide mass. Flows are characterized by the fluid-like movement of
slide material. '

Falls of all size material, slumps. of rock and smaller debris, and
flows of s0il (mudflows) are all common to the coastal zone.

Delineating the Hazard

Many areas of landslide activity are easily seen in the light of
historical evidence. Other potential hazard zones are difficult to re-
cognize, even to the expert eye. Currently a wide variety of methods exist
- for identifying landslides. Such methods involve the use of both histor-
ical evidence of landsliding and a variety of other types of geological
data related to this hazard. The final product of the identification process
is most typically in map form. However, not all maps have the same meaning.
They vary in their scale, content, and means of preparation.

The scale of a landslide identification map may determine its use (see
Figure II-12). Small scale maps are, in general, of limited use for planning.
While they provide a picture of the extent of the hazard, specific
decisions cannot be made from the broad information they contain. Large
scale maps at scales from 1" = 2,000' up to 1" = 500' are of greater use in
formulating methods to reduce losses from landslides. As would be expected,
the larger the map scale, the more expensive it is to prepare.

There are a wide variety of landslide maps. They differ in scale,
information presented, and intended use. For example, a simple type of
landslide map shows the location and areal extent of landslide deposits.
Maps of this type are commonly prepared from interpretation of aerial photo-
graphs with little or no fjeld checking for accuracy. Where these maps
have been field checked, however, they were determined to be reliable
indicators of the locations of past landslide activity. A more refined
map might make use of information on the kinds of geological materials
present, correlate these with existing landslide deposit maps and generate
maps of the distribution of landslide susceptible materials. These maps
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A Rockfall: rock masses that move primarily by fal]'ing> B  Debris slide: incoherent or broken masses of rock
= through the air. and other debris that move downslope by s1id-
: ing on a surface that underlies the deposit.

C Slump: coherent or intact masses that move downslope
y rotational slip on surfaces that underlie as
well as penetrate the landslide deposit.

D Earthflow: soil and other colluvial materfals that
move downslope in a2 manner similar to a2 viscous
fluid.

FOUR COMMON TYPES OF LANDSLIDE (NILSEN AND BRABB, 1972).
FIGURE II-11
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MAP SCALE | MAP USES

c . SMALL .
1:5,000,000 DELINEATING GEOGRAPHICAL EXTENT OF
LANDSLIDES
-1 1500, 000 DRAWING ATTENTION TO HAZARD POTENTIAL
.REGIONAL PLANNING
B . : SUBDIVISION PLANNING AND LOCATION
1:50,000 PRELIMINARY SITING OF PUBLIC FACILITIES
A GENERAL ZONING
1:5,000 _ DETERMINATION OF ACTURIAL RATES
MICRO ZONING
1:500 ' DESIGNING CONTROL/PROTECTION WORKS
LARGE

SELECTED MAP SCALES

1:19,375 ) 1182500
BB (eraBB, PAMPEYAN
; JILLA, 1972)

RELATION OF LANDSLIDE MAP SCALES
AND POTENTIAL USES

FIGURE 1II-~12
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‘obviously require substantial fieldwork. The maps can be further
refined by combining information on landslide deposits and geological
materials with other parameters such as steepness of slope, slope
aspect, vegetation or unfavorable dip of underlying strata. Other maps
(see for example Nolan and others, 1976) provide information on.the
current rates of intensity of landslide processes by mapping deposits on
‘aerial photographs of the same area taken at different times. Users

of landslide maps should be familiar with the methods of preparation,
intended use, and limitations. Among the wide variety of maps the
greatest distinction is between those which show the potential for
future landsliding (susceptlbllity) and those which depict historical
incidence.

Adjustments to the Hazard

Traditionally, the chief means of preventing damages from land-
slides involved the application of engineering technology to stop the
slide from moving or to stop it after it had been released. Oftem, such
efforts were not effective, and could be done only at high cost
(Sorensen, et al., 1975). Currently a much broader range of
alternative adjustments is available. The major types of adjustments
include:

Prediction

Protection

Land Use Management
Disaster Preparedness
Relief and Rehabilitation
Insurance

[o )WV, RPN N
s . .

Because of the variable nature of the hazard, no single pattern of
adjustments is universally effective or unique to the coastal zone.

Prediction - is the process of identifying the location, time,
and magnitude of landslide activity. At present, techniques exist
which can reliably define where landslides occur.

As of yet, however, it is impossible to determine precisely
the magnitude of the landslide as measured by the volume of material
that moves. Thus, the data on which to make a prediction in
probabilistic terms is lacking. What we can predict are locatioms
susceptible to landsliding. This is an important prerequisite to
using some of the other adjustments that will be described.

Protection - is the application of geological engineering knowledge
and practice to prevent or correct landsliding. Two approaches are used:
improve the stability of a slope, or control the impact of the slide.
Stability can be improved by increasing the resistance to activation.
Some techniques include building restraining structures, smoothing
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surfaces or installing subdrainage systems, Improved stability can also
be achieved by removing the forces which cause activation. This is
accomplished by excavation of earth materials or drainage. The chief -
means of controlling impact focuses on the use of engineering works to
alter the landslide after it is released by diverting or stopping the
flow of materials.

The effectiveness of protective methods varies according to
the type of landslides, causal factors, maintenance of the
structures, the geology of the slide area, and changes in the land
tuse in thé protected area. The cansiderable economic costs of
protective measures are also open to question. Many control
structures are aesthetically undesirable. Finally, it should
be noted that any use of protective measures is based on an
adequate identification of the landslide hazard.

As with protection, land use management, at both long-range
regional and immediate detailed levels, is closely allied with, and
usually dependent on hazard mapping. As an adjustment to landslides,
land use management guides the types and amount of building and other
development in hazardous areas in a manner which minimizes damage
potential. Specific measures include:

1) the regulation of development through zonihg; setback,
subdivision and grading regulations, and building, sanitary
and well codes; and

2) development policies as reflected in land acquisition, urban
renewal, relocation and location of public service buildings
and other structures, such as roads, sewers and pipelines,

If costs from landsliding are increasing due to human en-
croachment of hazardous locations, and it is possible to identify
locations of potential damage, losses can be reduced by planning
for land use that is compatible with the landslide hazard.

Disaster Preparedness = Involves developing the ability to respond
to the needs of a community in a smooth or stable manner once it is
known a hazard event is imminent or has occurred. Since most landslides
are small individual events, the existing emergency functions are
generally capable of responding to the situation.

Disaster preparedness is particularly important when large '
scale landsliding occurs. Often in these situations the landslide
has been caused by another hazard - intensive rainfall or earth-
quakes, and disaster preparedness responses to the causal hazard
can be applied to the landslide problem.

‘Relief and Rehabilitation - provides aid to victims of a landslide
disaster. Currently Federal Disaster Relief Assistance is available
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under Public Law 93-288 to victims of major "landslides" and "mudflows'.
However, under this law Federal aid is not available to the victims of
the more frequent small, individual landslide events.

Currently insurance to cover the vast majority of landslide losses
is not available. The National Flood Insurance Program (Public Law
90-448) offers coverage for mudslides triggered by flooding. To date, no
landslide losses have been covered by the NFIP. In the future, a
separate Federal insurance program covering a range of landslide types
may be developed.

The 1link between hazard identification and loss reduction
is crucial. Landslide mapping is required before protection,
land use planning, preparedness planning or insurance can be
employed to effectively reduce loss. Once the landslide area
has been delineated, the planner has a variety of tools at his
disposal to reduce future losses in accord with local situations.

Federal Policy and Programs

Due to the localized nature of the hazard, no explicit national
policy exists for landslides. Most Federal policy concerning landslide
originates from policy dealing with other natural hazards. The United
States Geological Survey has the greatest Federal involvement with
landslides, but this involvement rarely extends to policy issues.

The following Federal agencies deal with the landslide hazard in
some manner,

United States Geological Survey - Department of the Interior.

The USGS established a National Landslide Hazard Reduction Program in
the Denver, Colorado Federal Center in the Fall of 1976. The bulk of
this program is devoted to physical research, and is applicable or

. devoted- to delimitation of landslide risk. Much of this work has been in ..
mapping landslides and potential landslides in the San Francisco Bay
Region, although efforts are being expanded in many other parts of the
country. Considerable information on landslides, particularly on the
physical dimension of the hazard, can be obtained from the Landslide
Information Center located in the Engineering Geology Branch of the
USGS in Denver.

Soil Conservation Services - U.S. Dept. of Agriculture

The National Cooperative Soil Survey program includes in their
published survey the names and locations and past evidence of soils
susceptible to landslides. Technical assistance is also available
from the USDA Soils Conservation Service to individuals and government
agencies concerning development of sites where susceptibility to the
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hazard may exist.

Federal Insurance Administration - Housing_é_Urban Development (HUD)

Currently the FIA is investigating the possibilities for a federally
subsidized landslide insurance program. .

Federal Highway Administration - Department of Transportation.

The FHA applies engineering technology to prevgnt'damages and
maintain safety on Federal highways. '

Current Federal involvement is slight, and nothing resembling a

- national policy, is identifiable, Most landslide policy is formulated

on a local basis with respect to individual problems and results in
plecemeal strategies, :

Experiences

Two experiences with landslide adjustments illustrate some of the
benefits and disadvantages in changing local policies.

It has been asserted that land use management has great potential
for reducing landslide losses. This is demonstrated by the Los Angeles
history of adopting regulatlons to deal with landslides over the period
of 1952 to 1969. Slosson (1969) sought to determine if practical and
efficient use of engineering geology and control procedures via codes
and supervisions could produce safe and economical property developmentg,
His findings indicated that land use management techniques could
drastically reduce losses. Before 1952, when Los Angeles had no codes
or regulations, 10.4% of the approximately 10,000 sites constructed were
damaged by landslides. Of the 27,000 sites constructed in 1952-62,
when lenient codes were in effect, 1.3% were subject to damages.

Finally, between 1963 and 1969, of the 11,000 sites developed only .157%
were affected by landslides. This reduction in loss 18 mainly attributed
© to modern grading codes and soil and geological engineering practices
required during design and construction of buildings. To date, there are
no state or Federal guidelines for developing local programs as there
are for flood hazard.

This problem is illustrated by the Portola Valley, a small, affluent
community near San Francisco (Mader & Crowder, 1969). Approximately
gixty per cent (60%) of Portola Valley has precipitous slopes subject
to sliding. While the problem was recognized soon after the town was
incorporated in 1964, it took two dramatic landslides to evoke any
town action. This example reflects a lack of perception of risk by
the lay users, as well as influence exerted on management due to vested
interests of many, including homeowmers, land developers, realtors, and
financial institutioms. Moreover, a depleted tax base is the concern
of community politicilans. Consequently, when land use management is
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attempted, political pressures are exerted to galn exemptions, resulting
in increased loss potentlals. In addition, there is commonly a lack

of coordination between the various regulating elements that are '
basic to a successful land use management program.

- F. Earthguake

While no single region of the United States is completely safe from
an earthquake, a significantly large part of the coastal zone is in
relatively high risk (see figure II-13). The majority of seismic
activity takes place where massive plates of the earth's crust are
slowly moving in opposition. Pressure which builds along the boundaries
or plates is partially released by earthquakes. One of these boundaries
extends along the Pacific coast from Alaska on through southern California.
Stretches of the coast are subject to considerable seismic activity,
although damaging events occur infrequently,

The second region of major risks lies along the eastern seaboard,
although the geologic explanation for this is not clear. The nature of
the risk here is quite different. Major earthquakes can occur in loca-
tions where evidence of seismic activity predates recorded history. While
the Pacific Coast experiences many earthquakes, the eastern U.S.
experiences few, Evidence suggests, however, that in certain areas of
New England, New York and the Carolinas the possibility of large and
potentially damaging earthquakes exists, The nation's experience
in the past 100 years would suggest California and Alaska have the
‘highest frequencies of serious earthquakes. In the short run the
damages may prove less crippling in California and Alaska than in some
other areas because these states are better prepared to deal with the
hazard.

The national record of earthquake loss 1s one of good fortune when
viewed in the context of potential losses. No genuinely catastrophic
event has occurred since the Alaska quake of 1964. A major earthquake
.could easily strike in a coastal area within the next three decades.
Potential losses range to billions in damage and tens of thousands of
fatalities. Such damage potentials can be reduced with a comprehensive
earthquake hazard reduction program. :

Delineating the Hazard

How does the planner delimit the risk of earthquake damages? At
present four means of delineating the earthquake hazard exist, and none
is ideal from a planning viewpoint. ‘

One method makes use of generalized risk maps, which show potential
for damages based on the frequency of recorded seismic events. These
are prepared at small scale, which limits their use. Generalized risk
maps do not provide any measure of the probability of future earthquakes.
These maps sensitize people to the existence of problems in a mon-
technical manner.
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A second means is to predict the distribution of strong ground
motion (shaking) during an earthquake. This can be estimated in
probabilistic terms by analysis of current seismicity for an area and
the way seismic waves travel through the ground. Ideally this type of
map can be used with other information, in the estimating of damage
probabilities because it measures the probability of factors causing
earthquake damage. Figure II-14 provides an example of this type
of mdp (Algermissen and Perkins, 1976). This has limited applicability.
The .technique is new, and its proper use often requires professional
assistance. As they become available at large scale and are better
understood, such maps will be useful in technical land use planning.

" A third means uses surface faulting as an indicator of earthquake
risk, First, while most earthquakes occur on active faults, the presence
of faults does not mean an earthquake will occur, or is even likely.
Second, while damages do occur directly over a fault when the fault moves,
they are not necessarily limited to the immediate fault vicinity. Fault
maps have limited utility in planning adjustment to earthquake hazard.

The fourth method of delineating the hazard is by identifying ground
conditions which lead to damages when shaking takes place. This involves
identifying unstable slopes that are susceptible to landsliding (see
section on landslide hazard) and soils subject to liquefaction (see figure
II-15). The identification of these associative hazards triggered by
earthquakes may be the most useable information the coastal plamner has on
- areas of potential earthquake damages. They form the basis for most.
current land use planning with respect to earthquake hazard, are especially
useful when the suitability of a proposed investment such as a power
plant or a bulk loading facility is under review, and will continue to be
valuable for this purpose.

Besides the spatial identification, it is important to estimate the
size of earthquake events. The size is measured by bhoth magnitude and
intensity, and often the two are confused. Magnitude scales, the most
common being the Richter scale, measure the energy released by an earth-
quake. The Richter scale is logarithmic, that is, a magnitude of 5.0
means 10 times the amplitude of ground shaking and 31.6 times the release
of. 2 magnitude 4.0, 100 times in amplitude and 1000 times in energy more
than a magnitude 3.0, and so forth. In general, the greater the magnitude
the more severe the damages, although many factors interact to determine
damage severity,

Intensity scales are specifically designed to measure the effect
of an earthquake on people, structures, and the earth's surface. The
most common scale, the modified Mercall1, is calibrated to twelve degrees
of severity. Roman numeral I denotes effects which are barely
perceptible, while at the other end XIT signifies total destruction.
Each discrete seismic event has one magnitude related to the energy
released. That same event will have different intensities at different
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Conditions for Liquefaction Present

222 Conditions for Liquefaction Probably Present

POTENTIAL FOR LIQUEFACTION IN SAN FRANCISCO
(Saﬁ Francisco bepartment'of City Planning,

1974)

-15

FIGURE II
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locations. Intensity usually decreases with distance from the epicenter,
The maximum intensity, usually near the earthquake source, is often used
to characterize the size of the shock. (See Appendix C).

It is practicable to simulate the damages from a quake of assumed
magnitude, taking into account differences in ground conditions, Iand-use
“and buildings (see figure II-16, Friedman, 1976). In addition, these
types of damage assessments are being integrated into models that
evaluate the total economic impact of the assumed earthquake on an
urban area (Cochrane, 1975).

Adjustments to the Hazard

No significant differences exist between the nature of earthquake
adjustments in the coastal zone and those for the country as a whole.
Overall, eight types of adjustments are recognized.

Earthquake reduction

Earthquake resistant construction

Land use management

Earthquake insurance

Preparedness

Relief and rehabilitation

Prediction and warning

Reduction of associated hazards (Ayre, 1975).

.

Lo~V LN
. .

The goal of earthquake reduction is to control the physical mechanism
of earthquakes, Some people have suggested that triggering of small
earthquakes by water injection will dissipate stress, thus possibly
eliminating large, catastrophic earthquakes.

It appears that the scientific and technological feasibility of
accomplishing this is very remote and perhaps impossible.
Responsibility for the damages caused by the "small" earthquakes
also poses a formidable consideration. It is unlikely that earthquake
reduction will be a viable option in the near future.

Earthquake resistant construction is applied in California and
Massachusetts and 1s under consideration in Washington but has received
scant attention in.other coastal states. Its purpose is to protect human
life and minimize damage from failures of buildings and other structures.

An effective application of this adjustment requires: 1) develop-
ment of technical design knowledge concerning performance of
structures under varying seismic stress conditions; 2) develop-
ment of acceptable regulations and codes that require application
of earthquake resistant construction techniques in an equitable
manner; and 3) insuring that codes are enforced and professional
standards are upheld during conmstruction.
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Building new structures which incorporate earthquake resistant design
and construction features may cost approximately three to six per cent (3-6%)
more than if resistant construction methods are not used, Modifying
_existing structures is more costly and less effective. The National
Bureau of Standards (1973) and Whitman (1973) provide good discussions of
‘the technical issues of earthquake resistant construction techniques.

Land use management works toward shaping the nature of development
in hazardous areas through a variety of techniques such as subdivision
regulation, zoning, and land acquisition (see section III on the range
of adjustments).

The use of this adjustment for earthquake mitigation is
hampered by the difficulty of delimiting the hazard. Tech-
niques are only now being developed to delineate earthquake
risk on a micro-level to make land use control a practical
tool.

However, the application of land use management to areas of potential
ground failure in the coastal zone, as in the San Francisco Bay area,
seems both feasible and desirable.

Earthquake insurance is available from private companies for
residential and commercial structures throughout the entire coastal zone.
This insurance is never included in a standard homeowmers policy; it must
be purchased separately. Even with its widespread availability, few
policies have been sold, and most sales have been in California. In the west,
a typical policy for a single-family frame house runs from $.15 to $.25
per $100.00 of annual coverage depending in which of the three risk zones
the structure is located. All policies carry a five per cent (5%)
deductible clause. These rates increase for more vulnerable types of
construction. Insurance rates for large buildings are higher, and vary
according to the specifics of building construction and location. In the
east, a homeowner's policy would run between $.05 and $.10 and deduction
clauses are optional.

Insurance alone only redistributes losses; when tied to
another adjustment such as earthquake resistant construction,
an insurance program can reduce losses,

Most urban areas in the coastal zone have preparedness plans to be
used in disaster situations. These plans usually have specific provisions
for earthquakes or are applicable to all disasters.

Unfortunately, preparedness plans seem to be quickly for-
gotten after preparation and may become outdated unless frequent
and explicit measures are taken to call them to the attention of
people concerned. '

Relief and rehabilitation ére widely accepted adjustments to earth-
quakes employed in the aftermath of a disaster. While a variety of post-
disaster services are included under this heading, the most prominent is
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{
provision of relief funds to individuals, businesses and local govermments.

It does not appear that such efforts are effective in reducing.
losses. They may even increase loss potentials in the long rum
through diminishing the incentive to seek other means of damage
reduction.

Earthquake prediction is a young science. So far the ability of
selsmologists to predict earthquakes accurately and consistently has not

been demonstrated.

I

If and when prediction becomes an accepted technology, it
will be necessary to develop plans that make beneficial use of
predictions and minimize adverse consequences. »

Within the coastal zone one of the more attractive means of miti-
gating earthquake losses is reduction of associated hazards. For
natural hazards triggered by seismic activity, including landslide, avalanche,
and tsunami, mitigation measures described elsewhere in this report should
be considered. Application of land use control regulating development
seems to be the best means of reducing damages caused by soil liquefaction.
Finally, a variety of actions aimed at reducing post-earthquake fire
hazards can be very effective.

Federal Policies and Programs

The past role of the Federal govermment in earthquake matters has
focused on preparedness planning, relief programs, and engineering, -and
seismic and geologic research.

During the 2nd session of the 94th Congress, legislature was
introduced (Senate bill 1174) which would have provided for the establish-
ment of a comprehensive earthquake mitigation and research program.
Administrative responsibility was to. be shared by the USGS and the
National .Science Foundation. The legislature was not enacted and the
United States remains without a specific policy to deal with earthquake
hazards.

The following Federal agencies are the principal ones currently
linked with earthquake policy.

United States Geological Survey

The Earthquake Hazard Reduction Program of the USGS carries the
major Federal responsibilities for earthquake related research in the
field of earth sciences. This research is chiefly aimed at hazard
reduction efforts. The major elements of the program are: hazard
mapping and risk evaluation; earthquake prediction; earthquake mod1-
fication and control information and data sources;and earthquake
engineering as a service to the National Science Foundation RANN
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program in earthquake engineering. (See Wallace, 1974 for a description
of the program). : :

U.S. Geological Survey has recently established an earthquake -

. prediction council to be responsible for reviewing data that could

warn of an earthquake and recommending the issuance of a prediction.

" Council will consist of five USGS scientists and is the first Federal
group of its kind to be established, marking a major step toward
developing a system for the orderly and effective issuance of earthquake
predictionms. ' ' :

Federal Disaster Assistance Administration

' The FDAA does major work preparing and assisting in the development
of preparedness plans. Money is made available to states under section
201 of the 1974 Disaster Relief Act Amendments. (Public law 93-288)
through this agency. The FDAA also assists in and coordinates post-
disaster relief efforts.

Based on recent USGS analyses of potential impacts of serious
earthquakes in Los Angeles, San Francisco and Seattle, FDAA is currently
developing preparedness plans with other Federal agencies, as well as
state and local officials in San Francisco and Seattle.

Federal Housing Administration and Small Business Administration

The FHA and SBA administer 1loans to homeowners and businesses
damaged by an earthquake following a Presidential Declaration of a
disaster. In the past up to $5,000 of these loans were forgiven, al-
though current law (P.L. 93-288) eliminates the forgiveness clause and
sets the interest rate at five per cent (5%).

National Science Foundation

NSF provides funding for a significant portion of the physical and
social research relevant to earthquake mitigation.

National Bureau of Standards

‘The NBS is serving as the contract monitor for a project funded by
NSF for the Applied Technology Council (ATC) to prepare a set of seismic
design recommendations. ATC will conduct seismic risk studies and prepare
a Design Regionalization Map. A final report is expected in June, 1977.

This agency also conducts the bulk of research on fire resistant
construction and building codes.

At present, programs specific to the earthquake hazard are confined

to the USGS and NSF. With new legislation, these agencies would
continue their role in earthquake mitigation, and, hopefully bring
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coordination to Federal earthquake policy.

Experiences

‘ Designing a building code ordinance in an objective and fair
manner is one of the more difficult problems in earthquake mitigation.
- In most existing codes, earthquake provisions apply equally to all
structures, not accounting for variations in function or exposure.
Risk concepts are also seldom applied to the determination of code
parameters. An exception to this is the Long Beach, California earth-
quake ordinance which acknowledges these probléms (See Wiggins, 1971).

The principle behind the Long Beach code is to relate earthquake
risk, based on the seismicity of the area, to other risks accepted in
everyday life. As part of this process legislators choose the level
of risk on which code parameters will be based. This "balanced risk"
concept is one factor used in determining structural resistance
requirements. The stringency of the code for particular structures
is modified by the importance of the structure and its life expectancy.
Thus, a more stringent earthquake resistant design is required for a
highrise office building with a life expectancy of sixty years than
for a warehouse with life expectancy of ten years,

This integrates economic consideration into the code. The methodo-
logy employed is of great importance because it reflects earthquake
risk based on the seismicity of the area. Using this method, new codes
can be designed for areas that are characterized by relatively low
levels of risk, such as the eastern seaboard. In addition, this
methodology is enhanced by current efforts to develop probabilistic
risk maps. Refinement of this type of building code can and should be
made for areas with outdated codes and those entirely lacking earthquake
provisions,

The willingness of a community to consider the earthquake hazard is
reflected in part by interest in building codes containing earthquake
provision. An indicator of an individual's hazard appraisal is in the
purchase of earthquake insurance. A recent study examining the
decision to purchase Insurance shows that the major factors in the
choice are not economic considerations but relate to awareness of the
earthquake problem, knowledge that insurance is available, experience
with the hazard, and communication with persons already having earthquake
insurance (Kunreuther, et al., 1976). Such findings indicate that the
present earthquake insurance mechanism is inadequate.

G. Tsunami

large gravity waves in the sea, associated with some very strong
earthquakes and other impulsive disturbances, are referred to in
international usage by the Japanese word, "tsunami." The term "seismic
sea wave" is also used in some instances, and the inaccurate designation
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"tidal wave" still finds wide use. Cox (1963) defined tsunami as "a train
of progressive long waves generated in the ocean or a small connected

body of water by an impulsive disturbance.” This definition does not .
include storm surges, astromomic tidal waves or seiches. Van Dorn (1966).
has defined tsunami as "the gravity wave system formed in the sea
following any large-scale, short duration disturbance of the free .
-surface." Though tsunamis occur comparatively infrequently, they can
cause almost complete devastation when they strike.

While the major risk from damaging-tsunamis is’along the Pacific

coast of the continental states and Hawaii, destructive events can
occur in the Atlantic where the hazard receives little attention.

- Delineating the Hazard

It is convenient to distinguish between two types of tsunamis,
major and local. Major tsunamis consist of a train of long period waves
which spread out from the epicenter area, accelerate as they sweep through
deeper ocean water, and are capable of causing damage to distant coasts
(Berg et al., 1972). Tsunamis composed of trains of shorter period waves
cause damage along relatively confined bodies of water and are generated
locally by faulting or by rapid sliding or slumping of unconsolidated
sediments at or below the water line (Cox, 1972a).. Tsunami waves are much
longer than ordinary waves from crest to crest, and have apparent periods
varying from perhaps a quarter of an hour to a few hours. Local tsunami
waves have a shorter period, from two to ten minutes (Van Heune and Cox,
1972). A major tsunami may cause damage to distant coasts several
hours after it is generated. Local tsunamis strike suddenly. It should be
stressed that a tsunami is comprised of a series of waves; the first is
seldom the largest wave to arrive.

In mid-ocean tsunamis may have wave lengths of several hundred miles
and heights of a foot or less., Hardly discernible in the open ocean,
wave heights increase as coastal waters become more shallow and cause
the waves to slow dowvn. When a tsunami impinges on a distant coast, the
water may rise and fall gradually or the waves may convert to bores
with steep, turbulent fronts. The water may run to heights in excess of
50 feet on distant coasts. Local tsunamis may have even greater heights.
One occurring in Alaska in 1958 at Lituya Bay had a run-up height of 1200
feet (Iida et al., 1967). Run-up height refers to the elevation above the
tide level (at the time of the tsunami) reached by the waves as they
inundate the land (Ayre, 1975). ‘

Tsunami waves can travel hundred of miles per hour, Speed being
dependent upon the depth of the ocean. Given the location and time
of the displacement and ocean depths between the epicenter and each
coast, the arrival times for a major tsunami can thus be estimated.

Of direct importance for hazard management are the intensities of

tsunamis in the management areas. Run-up heights are generally recorded
as indicators of such intensities, and Bretschneider and Wybro (1975)
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have proposed an intensity scale, defined in terms of local run-up
heights, which has potential value for planning.

At present, however, numerous unresolved questions prevent
" accurate prediction.of tsunami run-up heights. This is due in part to
~ the fact that run-up height is affected by numerous, complicated
factors, which are,for the most partynon-coherent, energy-scattering
offshore processes not amenable to calculation. The configuration of
the coastline, shape of the ocean floor, and the character of advancing
waves all play a role in determining run-up heights (Ayre, 1975). Wave
height alone depends on a number of factors, such as earthquake magnitude,
water depth at the epicenter, and earthquake focal depth (Bretschneider
and Wybro, 1975). Additionally, Cox has found that tide stage may be a
eritical variable (1972b). Until these numerous factors and their
interrelationships are better understood, predictions of run-up height
wlll be weak at best. S

The Potential Threat — The impact of a large tsunami can be devastating,
depending on when and where it strikes. Within a few hours of the great
Alaska earthquake in 1964, for example, catastrophic waves caused 103
deaths and $80 million in damages in Alaska, not including losses
suffered at Port Alberni, British Columbia, and at Crescent City,

California (Cox, 1972a).

The destructiveness of a tsunami may be attributable to the powerful
surge of its wave front and to its rising and then falling sea level
(0ffice of Emergency Preparedness, 1972). Much also depends on the nature
of the waves as they approach the shoreline., If a tsunami wave breaks
before it hits, the wave will behave like a bore and its momentum will
be unleashed against anything in its path. If a bore has not formed,
then the major impact will be the rapid increase and then decrease in
hydrostatic pressure (Bretschneider and Wybro, 1975). Damage due to
floating structures, debris, oil, and fires can also be anticipated.

Estimates of the number of Americans potentially endangered by
‘Pacific tsunamis have been made based on the work of Eskite (1970).
It appears from these estimates that over a million people are endangered.
Classified as endangered by tsunamis of distant origin are those residing
within one mile of the coast whose elevations are within fifty feet of
sea level. C(Classified as endangered by tsunamis of local origin are
those residing within one mile of the coast whose elevations are within
100 feet of sea level. Such a standard is admittedly much too broad
and could result in overwarning. Moreover, it is not clear whether
the definition refers to base of mean sea level or some other tide

level.

Improvements in methods of vulnerability analysis are needed to
speed up the task of mapping tsunami hazard areas. Identifying these
areas must be accomplished before warning, evacuation, structural
regulations, and land use controls can become effective.

T1-56



, These techniques may be appropriate for rough aggregate analysis, but
they cannot be used for local risk analysis; for example, the number of
people in any area varies by the time of day, day of the week, and
season of the year. Land use controls, which could be used to channel
" new development and population growth into safer areas, must be based
on finer measures of existing and potential risk. While some degree
‘of risk from any hazard is acceptable, few communities have been able
to make that level explicit for planning purposes.

Recent efforts by the Corps of Engineers to prepare flood and
tsunami maps for the National ¥Flood Insurance Program, administered by
HUD, could soon provide the kind of information which is needed for this
decision. Although not yet completed, the rate maps could be used for
formulating local management boundaries, areas of particular concern, and
use regulations.

Adjustments to the Hazard

Responsibility for hazard mitigation in the United States is divided
among many Federal, state, and local agencies. Lack of organizational
accountability and overlapping activities prevail, even within specific
functional areas. Warning and evacuation, structural and design controls,
land use controls, and relief and rehabilitation measures all have
different objectives, needs and limitations. Community preparedness
requires a wide range of measures, reactive and preventive, whose
suitability will vary with local needs, values, capabilities, and previous
experience with tsunamis and with the physical characteristics and location
of the community. The tragedy is not that tsunamis occur, but rather
that communities refuse to adjust, even when aware of the threat and then
expect to be compensated for resulting losses. '

The primary purpose of warning and evacuation is to save lives and
some mobile property. Tsunami watches and warnings are issued to Civil
Defense officials by the Honolulu Observatory, which is now part of the -
National Oceanic & Atmospheric Administration under the Department of
Commerce, Warnings were first issued in the early 1920's by the Hawaii
Volcano Observatory on the basis of seismographic information (Cox, 1968).
In 1948 the Seismic Sea Wave Warning System was established. Warning
coverage was extended to the National Warning System and to Civil defense
agencies in California, Oregon and Washington by 1953, and to other
Pacific countries in the 1950's, and to Alaska in 1962. Renamed the
- Tsunami Warning System in 1967, it became part of the International
Tsunami Warning Center in Honolulu. The policy of selective cancella-
tion of warnings based on mariegraphic confirmation was established
in 1966, after problems with seemingly false warnings.

The Alaska Regional Warning System was founded in 1967, following
the 1964 earthquake, to handle local tsunami problems (Cox and Stewart,
1972). 1In the early 1960's seismic trigger alarms were installed and are -
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presently operated by the Weather Service. In addition, a similar state
system is being installed by the Hawaiian Civil Defense. ' However,
travel times may be so short for local tsunamis that formal warning systems may -
not be effective. Evacuation in the event of a local tsunami rests largely
.on individual recognition and initiative. (See Table II-6)

. Responsibility for warning dissemination and public evacuation lies with
state and county civil defense officials, While Federal support through
the Defense Civil Preparedness Agency for civil defense personnel and
equipment has been provided in the past on a mateching basis, recent
events suggest that federal funds for natural disaster-preparedness and
planning cannot be assured.

If warning and evacuation operations are to be effective in
emergency, then risk areas must be defined, officials must be
trained, plans must be updated, the warning must be disseminated,
and the public must be motivated to respond. '

Problems with tsunami prediction in the past have tended to reduce
people's confidence in such systems. Overwarning, based on inadequate
knowledge of the phenomenon, has led to false alarms and lack of compliance
with warning attempts (Anderson, 1967; Cox and Stewart, 1972). Such lack
of confidence and compliance undermines the effectiveness of the warning
system (Lachman et al., 1961; Anderson, 1970). Haas (1971) has demonstrated
that intensive short-term public education programs do not rectify the
situation.

Perceptions depend on length of residence, previous residence,
and experience as well as personalities (Lachman et al., 1961).

" Citizen awareness of natural cues stems from familiarity with local
surroundings. In our mobile, transient society, local familiarity may be
an unrealistic expectation.

. In Hawaii, tsupami education programs are conducted in the public
schools, maps of evacuation areas are printed in local telephone
directories along with warning instructions, and special tsunami exercises
and training sessions are held for local public officials. Unfortunately,
such efforts may not be sufficient. Many will remain unaware of the

danger or unwilling to follow directions.

Elsewhere in the United States successful evacuation will be much
more difficult in the absence of such well developed education programs.
It should be noted that a major constraint to successful
management'of this hazard is the rarity of large tsunanis, even

in tsunami prone areas.

of the 181 tsunamis recorded in the Pacific between 1900 and 1970,
thirty-four were locally destructive, nine were destructive to both
local and distant coasts, and 138 inflicted no damage or only minor
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Table 1I-6

'TSUNAMI SPEED OF ONSET, PHYSICAL CUES,
EVACUATION TIME AND PREVENTIVE MEASURES

Speed of o Physical Approximate Time - . Preventive
Onset Types . Cues For Evacuation ~ Action
I ' yes (7) Less than minute  Be very quick or dead
11 _ ' yes 5-10 minutes The extent of death &

injury in the community
is a function of fast &
appropriate response by
individuals & leaders
of small groups.

111 yes 15-30 minutes Most persons will not
o be evacuated. Alert
citizens & local officials
may go to safe areas on
their own initiative.

v no ‘ 45 min.~12 hrs. Most persons can be
"  evacuated and up to

© 75% of all "moveable'
property

(Adapted from Haas & Trainer, 1973)A
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damage (OEP, 1972). Structural 1and“use?mahagement measures may be
necessary where large numbers of people reside, work, or visit.

In the past, Federal emphasis had béen focused on relief and

. rehabilitation. Such an approach does not reduce casualties or
property damages. Presently, FDAA assistance is complicated by
bureaucratic stipulations and requires post-disaster damage assessment.
Extension of the National Flood Insurance Act to cover tsunamis in
1973 was designed to redistribute losses and subsidize those who have
adopted structural design controls S

A very real problem is that insurance may encourage
development in hazardous areas and thus magnify the cost
of relief (Kunreuther, 1976). Without adequate knowledge
of differential risk, rates will be inequitable and activ-
ities may be encouraged in what are really hazardous areas.

Responsibility for reducing property losses, and indirectly, casual-
ties, through structural and land use controls remains with local
government, where land use planning in the United States has traditionally
been centered. Federal assistance to local planning agencies in the
form of HUD grants and to states 1n the form of Coastal Zone Management

Program grants has become 1ncreasing1y important.

However, much can still be done by federal agencies
which hold land or regulate development along hazardous
portions of the Pacific Coast where new growth is expected.

Naval and military installations, national recreation and conserva-
tion areas, federally subsidized sewage facilities, highways, harbors,
and airports, urban renewal and redevelopment projects, federally
regulated utilities, including nuclear power plants, and federally
subsidized housing projects all help to determine the pace and direction
of urban development.

Introducing tsunami considerations into these locational
and site decisions would have cumulative implications for
development, which would hopefully result in major savings
in the event of a large tsunami.

The effectiveness of possible mitigation measures has yet to be
determined. Studies on the use of building codes, protective grove
plantings, sea walls, and breakwaters in tsunami mitigation were largely
restricted to Japan until 1960 (Cox, 1964). In addition to those
measures previously mentioned, structural and design measures could include
land fil1ling, flood proofing, vertical zoning, emergency cutoffs in
pipelines and criteria for designing shoreline facilities which could
withstand or divert tsunami waves (Ayre, 1975). Such concepts could be
incorporated into performance standards, building codes, subdivision
regulations, and density bonus incentive systems. Storage tanks, air
and highway terminals, and large public facilities, for example, could
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be restricted from designated hazard areas through conventional zoning
regulations, transfer of development rights, land banking, environ-
mental impact review, or preservation districts.

But without better definitions of differential risk and
the effectiveness of such controls, these measures will
either be over or under designed. Coastal area management
can insure that such risks will be thoroughly evaluated and
implemented in a coordinated multi-agency program which
extends beyond the usual incremental approach to planning.

Experiences

The General Plan of Hawail County may be regarded as a pioneering
effort in tsunami mitigation. Highly susceptible tsunami zones have
been established. In such areas, development is excluded for all but
those uses which cannot be located elsewhere on the island. It also
requires criteria for development in less vulnerable areas of the Big
Island. After lengthy debates about the efficacy of structural solu-
tions proposed by the U.S. Army Corps of Engineers, authorized under
the River and Harbor Acts of July 1960 and October 1962, and challenged
by leading tsunami authorities, the City of Hilo, Hawaii has opted for
redevelopment based on land use controls. The Hilo plan will retain
310 acres of bayfront in open space and concentrate its development
on forty acres which have been elevated above the 1960 level of
inundation. No protective works have been constructed in the United
States exclusively for the purpose of tsunami protection, nor are any
currently under consideration as offering feasible protection against
tsunamis (PUSPP, 1976).

H. Volcano

Defining the Hazard

"A volcano is both the place and the opening from which molten
rock or gas, and generally both, issues from the earth's interior onto
the surface, and the hill or mountain bullt up around the opening by
accumulation of rock materjal" (Macdonald, 1972). The ultimate origin
of volcanoes is the rise of molten material through cracks or fissures
in the earth's crust. The fundamental driving force behind volcanic
eruptions appears to be the relative specific gravities of the liquid
magma and the adjacent solid rock columns between the surface and the
level of origin of the magma. An important additional driving force
at relatively shallow depths is the expansion of gas, derived either
from the magma itself or, less commonly, from steam produced by
heated ground water. (Warrick, 1975). :

Volcanoes differ widely in the nature of their eruptions, but

can be generally classified into lava flow eruptions and pyroclastic
eruptions. In situations where the magma is characteristically of low
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viscosity (usually basaltic), and there is a frequent release of pressure
from expanding gases, the eruptions tend to be gentle and lava is the
principal product erupted. On the other hand, if the magma is highly
viscous (usually containing a higher percentage of silica), gases

_ accumulate and are released at infrequent intervals, resulting in violent
explosions in which the main product erupted is pyroclastic material

- consisting of fragments of magma or pre-existing rock material.

In addition, volcanoes differ in the frequency of their activity,
and tend to be labeled "active', "dormant", or "extinct", depending
largely on the evidence of past activity. The distinctions between
these three relative categories are difficult to make, and the terms
have often been used inconsistently in the volcano literature. Usually,
the term "active" refers to volcanoes with certain or very probable
records of eruption during historic times. The distinction between
"dormant" and "extinct" 1s not easily made; especially during the later
stages of their life cycles, the behavior of volcanoes is apt to be
very erratic, with supposedly extinct volcanoes suddenly exploding into
activity. Two of the most violent eruptions in the 20th century were
from volcanoes thought to be extinct: Mt. Katmai, Alaska; and
Bezmyannaya Sopka, Kamchatka (Tazieff, 1967).

Specific Hazards and their Effects

Their are a number of products or processes of volcanic activity
that are hazardous to man and his enviromment. Some of these are directly
related to volcanic eruptioms: lava flows, pyroclastic flows, ash falls,
voleanic mudflows, and toxic fumes. Still others--some mudflows, floods,
forest fires, debris avalanches, and tsunamis-~-~can be thought of as
being indirectly attributable to volcanoes, and are often quite disastrous-
in their effects on man.

Even though a particular phenomenon might occur independently
of other events, it is most common to have various combinations
of specific hazards during any one eruption, thereby compounding
the hazardous effects on man.

Lava flows are streams of molten material on the surface of the
earth, , emitted from a vent of fissure. The form and speed of lava flows
vary widely, depending upon the temperature and chemical composition of
the magma, the rate of supply of magma to the flow, and external controls
such as slope and nature of the terrain.

Lava flows are highly destructive, and can obliterate everything
in their path. Since man habitually settles in valleys and low-lying
areas, lava flows can pose a threat to buildings, agriculture, and
other of man's activities. However, because of the relatively slow
movement of lava flows, the threat to human life is extremely low
(Warrick, 1975).

A pyroclastic flow is a turbulent mixture of inflated glaés‘
(derived directly from molten magma) and rock fragments suspended in
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gas that moves rapidly (over 60 mph) over the ground surface. The pheno-
menon is characteristically the product of violent volcanic explosions,
especially associated with highly viscous magmas which have pushed up
into the volcano and solidified to block the conduit (plug domes).

A dense cloud of rock fragments and gas is ejected from the volcano
(either laterally, from the side of the volcano, or vertically through
the central vent) and behaves much like a heavy 1iquid o

Pyroclastic flows can be incredibly destructive, One of the best
known catastrophes of this century was the result of such a flow.
Mount Pelee on the island of Martinique erupted in 1902, destroying the
town of St. Pierre in a matter of minutes and killing all but a few
of its 30,000 inhabitants,

Like lava flows, pyroclastic flows tend to travel down valleys and
drainage ways. Populations located in such valleys, especially close
to the volcano itself, are particularly susceptible to the flow. Unlike
lava flows, however, there is little chance for evacuation once the
pyroclastic flow is generated (Warrick, 1975). ‘

Ash Falls - Violent volcanic eruptions are apt to throw thousands
of tons of rock fragments of varying sizes into the atmosphere. The
distance traveled depends upon the magnitude of the eruption, the speed
and direction of the wind, the size of the particles, and the degree of
vesiculation These smaller fragments are termed "ash".

The fallout of volcanic ash has a great diversity of hazardous
effects., Health, buildings, transportation and communication, agriculture,
vegetation, and climate can all be affected, to varying degrees, by ash
falls. Besides the potentially harmful effects of the ash particle
itself, there 1s the added effect of the gases released by the ash
particles as they cool. Ash falls may contaminate water supplies,
damage buildings and reduce visibility and therefore, transportation and
mobility (Warrick, 1975).

A volcanic mudflow 'represents a form of mass movement of sediment

“that is intermediate between a flood and an essentially dry landslide"

(Waldron, 1967). It is-a mixture of fine material and water; the rela-

tive proportions of water and sediment may vary greatly. Mudflows

commonly contain volcanic ash, and may pick up coarse debris as they '
travel downslope. There are numerous causes of volecanic mudflows in-

cluding the release of water in a crater lake, rapid melting of snow or

ice, entrance of flows into streams, heavy rain, etc.

The speed and distance a volcanic mudflow travels may vary greatly,
mainly dependent upon the magnitude of the event and the nature of the
terrain over which it travels. Speeds of twenty to thirty miles per
hour are common, and speeds in excess of sixty miles per hour have been
recorded. A mudflow will frequently travel five to ten miles, although
distances of greater than 100 miles have been attained (Macdonald, 1972).
The huge Osceola mudflow that occurred about 5,000 years ago from
Mt. Ranier, Washington, "traveled 40 miles down valley to the mountain
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front, then spread out in a lobate mass that covered 65 square miles -
in the Puget Sound lowland" (Crandell and Mullineaux, 1974). :

Macdonald (1972) has stated that volcanic mudflows have probably
destroyed more property, including arable land, than any other type of
volcanic action within the last few centuries. The nature and areal
"extent of the destruction is similar to that of floods, except that a
mudflow can bury everything in its path under tems or hundreds of feet
of sediment. (Warrick, 1975).

Delineating The Hazard

Volcanoes are a definite and recurring coastal hazard in Alaska and
Hawaii, and those in the Cascade Range pose at least a theoretical
hazard to the coastal zone of Washington. There are some seventy-six
volcanoes in Alaska, at least six in Hawaii of which five are on the
island of Hawaii, and at least thirteen in the Cascade Range, two in
California, six in Oregon, and five in Washingten. ‘

The Cascade and Alaskan volcanoes are andesitic and explosive.
They have built up Steep cones, and support glaciers and perennial
snowfields, and are part of the circum-Pacific volcanic belt, The
Hawaiian volcanoes are basaltic, with gently sloping cones,

and are less violent and less dangerous to lives, than
andesitic volcanoes (see figure II-17).

In Hawaii, Mauna Loa and Kilauea have been active in recent years
and both Haleakala (on Maui) and Haulalai (on Hawaii) have each erupted
once in historic times--around 1790 and 1800-1801, respectively. '
(Warrick, 1975). In Alaska there have been hundreds of eruptions of
thirty-nine separate volcanoes during the short, 200 years, of recorded
history. ’ ‘

There has been no eruptive activity in the Cascades since the

Mt. Lassen Peak eruptions 1914-17, but unusual steaming activity has been
observed on Mt. Baker, in northern Washington, since March 1975.

Hawaiian Volcanoes

The Hawailan volcanoes, with their relatively calm outpouring of lava,
pose little threat to l1ife, but may damage or destroy crops and other
vegetation, roads, buildings, and potentially, entire villages. Lava flows
have reached the sea in numerous places during historic time, and an
eruption on the northeast flank of Madﬁa‘Loa has threatened the island's
main city, Hilo, on several occasions,

Adjustments to the Hazard in Hawaii

Thege frequent lava-type eruptibns have permitted the development
of relatively accurate methods of prediction and warning. The level of

Preparedness is generally high, and provisions for relief and rehabilitation.
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detailed. The Hawaiian populace is aware of the lava flow hazard and, for
the most part, knows what steps can be -taken in the face of advancing

lava flows (Murton & Shimabukuro, 1972). Bombing, to disrupt channels
and tubes carrying flowing lava, and to redirect the lava - flows,

has been tried twice, 1935 and 1942, with inconclusive results.

Diversion barriers involving a series of walls averaging about

thirty feet in height, have been considered to protect Hilo,. but

not constructed. (During the eruption on the island of Heimaey

in Iceland in 1973, temporary barriers made with bull-dozers and
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drenching of an édvancing lava flow by seawater were credited with
saving much of the town.)

Although authority exists both in local and state land use
planning legislation, land use management with specific reference
to the volcano hazard in Hawaii, has not been implemented.

The Hawaiian Volcano Observatory engages in research and monitoring,
and issues primary warnings of eruptions. Further warning and evacua-
tion, if necessary, are carried out by disaster agencies: police, fire
departments, National Guard and Civil Defense. While agencies and
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populace are experienced with lava flows, they have ‘no experience with
violent eruptions. : :

" Alaskan Volcanoes

The Alaskan volcanoes represent a substantial coastal hazard through~
out much of the 1600-mile volcano belt stretching from near Anchorage to
the tip of the Aleutians. Most are close to tidewater. During the 200
years of recorded Alaska history there have been some 250 separate eruptions
at thirty-nine volcanoes. (Wilcox, 1959). The 1912 eruption of Katmai
and Novarupta was the most violent experienced in Alaska during historic
time, and one of the world's major eruptions.

|
L L e e

The potential hazards run the gamut of volcanic risks, as follows:

Krakatoan type of eruptions

Directed blasts, nuees ardente (fiery cloud)

Pyroclastic flows

Lava flows

. - Volcanic mudflows :
Turbulent hot ash clouds associated with pyroclastic flows
Explosive blasts and associated xock falls

Ash falls ,

Corrosive rains - volcanic gas

10. Flash floods s

11, Break-out of ice dammed lakes

12. Lightning discharges

13. Seawaves _ v ’

14. Volcanic earthquakes. (modified from U.S. Army Corps of Eng., 1972).

Yoo~ P
. . e * .

Most of the Alaskan volcanoes are too remote from populated places
to be significant threats except from ashfall and seawaves, but at least
four Aleutian communities, Akutan, Atka, Cape Sarichef, and False Pass,
are close enough to face the entire range of volcanic effects. The Cook
Inlet volcanoes, notably Augustine, Redoubt, Iliamna, and Spurr, endanger
shoreline installations with mudflows, floods, and ashfall, and many
communities over a wide area are threatened by ashfall, seawaves, and
corrosive precipitation. Very large seawaves are.probably the greatest
single and most widespread hazard to lives and property. Augustine created
a seawave in 1883 reported to be twenty or more feet in height at English
Bay on the Kenai Peninsulaj; fortunately, the tide was low and no lives were
“lost.

Adjustments to the Hazard in Alaska

While progress on the prediction of volcanic activity is promising, the
specificity needed for successful prediction of volcano-generated seawaves is
not available. At present, Augustine is the only volcano in the region which is
under continuous seismic surveillance, but even this 1s subject to interruption

4
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by volcanic activity wher most needed.

More research is needed on the relationship between volcanic,
seismic, and seawave activity. Also, more conslideration should
be given to optimal siting of shore facilities and settlements,
and the development of protective technology for shoreside’
installations. '

A promising adjustment, developed following the 1964 earthquake and
tsunami, is the physical separation of facilities to reduce the chance
that an entire community will be destroyed or disabled.

In general, the adoption of surveillance and monitoring techniques
and the development of predictive methods have been slow, due in part to
the physical nature of the volcanic activity in Alaska. Disaster prepared-
ness with specific reference to the threat has been negligible.
Unfortunately, the threat of a disaster which has a low probability of
occurrence, is little understood and for which there is meager historical
experience, is most typically met with complacency (Warrick, 1975).

Cascade Volcanoes

Although relatively remote from coastal areas, the Cascade volcanoes
are explosive and have the potential for creating mudflows, lava flows,
pyroclastic flows and volcanic ash. Theoreticlaly, Mt. Rainier could
pose a threat to the populous shoreline zone from mudflows and floods flowing
into the valleys of the White, Nisqually and Puyallup rivers and their
tributaries. The situation in the White and Nisqually river valleys is
complicated by the presence of reservoirs, which could either help or
exacerbate the problem. Evidence of geologically recent mudflows has been
found, the most recent about 500 years ago which reached within about
twelve miles of tidewater near Tacoma (Coombs, et al., 1974). Ashfall
might also affect the Puget Sound lowland, but the prevailing winds

-generally carry ash to the eastward.

The mudflow/flood threat is a low probability event, but one with. |
potential for great disaster should it occur. This hazard admits of little
in the way of adjustment to protect lives and property. The level land
afforded by floodplains is at a premium in the Puget Sound 1ow1an§ fo%
agricultural, industrial, and commercial uses, and under any ap?11cat19n
of the concept of balanced risk, will continue to be used with increasing

intensity.

In short, the Cascade volcances represent a potential threat in Fheir
immediate vicinity, but the probability of their impacting §he.s§ore11ne
zone is so low that it militates against considering them significant coastal

hazards.
I. Avalanche

Defining the Hazard
An avalanche is a moving mass of smow or ice located in an arctic,

o~
f
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alpine or sub-alpine region, usually accelerating as it flows down a
steep mountainside until a gentle gradient is reached. Natural configur-
ations of a slope hinder or increase its length and velocity, while

- atmospheric and physical processes within the snow cover determine its
type. . The technical categories for classifying avalanches are generic
and morphological. The destructive potential of avalanches is determined
by the presence of people, structures, and accompanying development in
the paths  (Staff Members, 1975).

Snow avalanches are a common hazard throughout the mountainous terrain
of the temperate and arctic regions and may occur wherever snow is deposi~
ted on slopes steeper than about 20°. They occur most often in the western
United States and Alaska, but are a coastal hazard in Alaska alone,
where mountains and sea meet in many places. In Alaska an abnormally
“high proportion of the population is at risk because the heaviest popula-
tion concentrations are located along the coast where avalanches are common.

Avalanches in Alaska tend to be powerful due to the large scale of
the topography which provides large catchment areas and long, glacially
over-steepened slopes, extremely heavy winter snowfall, and violent winds.
The violent nature of the Alaskan weather complicates data collection and
‘monitoring activities which are necessary for accurate avalanche prediction.

Delimiting the Hazard

Mapping of avalanche hazard areas is technically feasible; however,
costs involved are very high, especially in unsurveyed areas. An average
United States Geological Survey 7% minute quadrangle map (1:24,000
scale)requires an initial average investment of approximately $200,000
(Staff Members, 1975). In addition, Mears (1975) has pointed out that such
a map is not adequate for providing detailed site specific information,
but provides only a general indication of the avalanche hazard zone
boundaries.

Experimental survey techniques are now being tested throughout the
country. Efforts testing the potential for delimiting avalanche zones
using high altitude multi-spectrum imagery are currently under study with
the support of the National Aeronautics and Space Administration. In the
more remote areas, the most feasible approach for hazard zone identifi-
cation seems to lie in reconnaissance level surveys,

Most avalanche hazard zones can be recognized from vegetation patterns
and other visible effects of past scouring, except where manipulation of
vegetation may have erased the obvious traces. Moreover, as with floods,
there is always the chance that a larger event than any indicated by
existing evidence will occur. There is also the remote possibility that
unusual circumstances, such as the combination of heavy snow accumula-
tion with a large triggering earthquake, can cause avalanches on virgin
slopes. The sclence of avalanche dynamics and terrain analysis is at
best inexact.  Estimates of runout zone boundaries, frequencies, and
impact pressures are qualitative, and therefore, subject to an undefinable
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degree of uncertainty '(Mears, 1976).

Along the extremely hazardous south and ‘southeastern Alaska region,

meteorological data of many years' accumulation were lacking, as was

the determination of avalanche tracks, until the earthquake of March
1964 struck and triggered thousands of snowslides. This single event
provided information on avalanche activity which would have taken

approximately fifty years of observation to duplicate. Such informa-

tion will be valuable to planners and engineers in the development of

Alaskan highway, railroad and power transmission systems. (LaChapelle,
1968). ' '

Adjustments to the Hazard -

Adjustments to avalanche hazard fall into several categories:
structural controls, reforestation and afforestation, prediction and
warning, artificial release, land use management and highway protection.
These approaches vary in usefulness, cost and effectiveness; effectiveness -
not always related to cost. None of these adjustments should be. con-
sidered as providing complete security. '

Alaskan avalanches, by their large and powerful nature, are less
amenable to management by defensive measures, such as controlled
release, catchment zone treatment to inhibit formation, or structures
to protect lives and property in the slide zone. Land use management
techniques are also less effective for mitigating avalanche hazards in-
Alaska. 'This results from the intense competition for the extremely
limited amount of suitable land along the coast.

Coastal avalanches may generate additional hazards, such as
destructive sea waves. And, conversely, avalanches may themselves be the
side effect of other natural hazards, i.e., earthquake, a frequent
hazard along the southern Alaskan coast. :

Despite the threat to life and property that avalanches pose in some
Alaskan coastal locations, most occur harmlessly in remote places. The
casualty rate is low: eleven fatalities during the period 1950 to 1975.
(Staff Members, 1975). ‘

As a result, the avalanche problem is accorded low priority .
and there appears to be little willingness to incur the social
costs involved in providing & margin of safety by condemnation
and compensation proceedings in those areas that face a N
potential avalanche hazard to life (see section on Alaska).

The management problem is further hindered by diffused authority
and inability to predict extreme events. The Forest Service has avail-~
able expertise, but no authority outside the national forest boundaries.
Highway maintenance personnel often have extensive experience, but
generally do not exercise authority to close-highways in advance of
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slides. Local jurisdictions, which have the authority for exercising
" land use controls, are reluctant to seek information and impose

- controls, especially retroactively. In short, the potential for disaster_

mounts .

Eerrienées '

Juneau, located on the southeast coast of Alaska, nestled between
steep mountains on the east and the ocean channel to the west, is
presently experiencing growth and expansion into the avalanche hazard
' zone. Attempts to assess the hazard in detail and to identify possible
alternative adjustments, including land use management zoning, have
recently begun. An intensive study, in 1972, of the total geophysical

hazard situation urged zoning ordinances for the identified hazard zones.
As yet, much debate and consideration have been given the proposal but
adoption of hazard zoning has not resulted (Staff Members, 1975).

J.“'Land Subsidence .o o

Unlike most natural hazards which are instantaneous events,
land subsidence is usually a gradual process which can occur over
periods of several decades. However, in some circumstances,
.subsidence can precipitate instantaneous events such as dam or
levee failure-along with their dramatic comsequences. In most
cases, the direct hazard presented by subsidence is economic loss
rather than a threat to human life.

Although most states experience subsidence problems, only Alabama,
‘California, Florida, Illinois, Louisiana, Michigan, New Jersey, New York
Ohio, Pennsylvanla ‘Texas and Washlngton have encountered this hazard
in thelr coastal areas.

Defining the Hazard

Land or ground surface subsidence is the relative sinking of the
earth's crust in limited areas. There are several major causes of
subsidence, including withdrawal of fluids (oil, gas or water), under-
ground solution or erosion of rocks, lateral flow of earth materials
(e.g. clay) under loading, drainage of peat lands, extraction of solids
in traditional or solution mining operations, hydrocompaction, tectonic
movements and volcanlc act1V1ty
0f these processes, the most significant in the coastal zone of
the western states, Louisiana, Florida, and Texas, seem to be fluid
withdrawals, hydrocompaction, and drainage of peat lands. However, in
the northeastern and Great Lakes states the problems of Subsidence seem
more closely related to extraction of solids.

Subsidence due to fluid withdrawal can genera11§ be broken down into

two main classes: 1) withdrawal of oil or gas, and 2) withdrawal of
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ground-water. In both of these cases, the effect is the same. Reducing
underground pressure in the aquifers 1ncreasas the effective stress on the
aquifer structure. -

Drainage of areas of organic deposits (e.g. peat) represents another
major cause of subsidence of coastal lands. Drainage, usually for agri-
cultural purposes, results in oxidation of the deposits (mainly by
aerobic bacteria), compaction by tillage machinery, burning, shrinkage .
due to drying, and finally wind erosion; all lead to surface subsidence.
In general, the subsidence rates are correlated with groundwater depths;
the lower the water table, the greater the subsidence (Cooke & Doornkamp,
1974). ‘ ‘

Hydrocompaction, subsidence resulting from the wetting and compaction
of certain types of surface sediments, usually occurs in areas having
moisture—~deficient, open-textured sediments. When these deposits are
wetted for the first time, as with irrigation, or when the overburden load
is significantly increased, the intergranular strength of the deposits is
weakened, rapid compaction ocecurs, and ground-surface subsidence follows
(Lofgren, 1969).

Of particular importance in the Great Lakes states is the removal of
solids through traditional mining (e.g. coal), or solution mining
operations (e.g. sulphur or salt). The precise extent of the subsidence
zone and the nature of the subsidence is variable and dependent upon such
factors as the form of the mining, the thickness of the seam, and the
thickness and composition of the overlying strata.

‘Several of the other processes mentioned above contribute to rela-
tively minor and somewhat more localized subsidence problems in
coastal areas, e.g. limestone sinkholes and tectonic induced subsidence.
The city of Kodiak, Alaska, for example, has suffered damage resulting
from earthquake-induced land subsidence. The unpredictable nature of
these events makes planning for their occurrence difficult or impossible.

Delineating the Hazard

Because subsidence is often a slow process in which ground levels may
fall at very slow rates, and over extended periods of time, exacting
methods of measurement must be employed to monitor the changes. The most
widely used method. is that of repeatedly surveying by leveling a series of
precisely located benchmarks or other points of known relative altitude.
‘A second means is the direct measurement of compaction through the use of

aw
a compaction recorder. C

The delineation of areas of potential long term or instantaneous
subsidence where removal of solids at depth has taken place can be
accomplished through sonic techniques. Although this method is quite
practicable, little effort has been made in this direction to date.
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The benchmark method can be employed over large areas, but the costs
can be high. It has been estimated that first-order leveling costs
approximately $200 per mile and second-order leveling about $100 per mile
(Poland, 1969). The recorder method, on the other hand, {s only of use
at a single site. ' '

Problems Caused by Subsidence

The most obvious and extensive consequence in coastal zones is the
loss of low-lying lands through submergence. Of equal potential import
is the increased amount of land exposed to flooding from hurricane storm
surge or stream runoff. If storm tides of the same magnitude as those
-generated by Hurricane Carla (1961) had struck upper Galveston Bay in 1974
an additional seventy square miles of subsided land would have been inundated.

(Brown, et al., 1974).

. Differential changes in elevation in subsiding areas also create
problems in construction and maintenance of canals, irrigation ditches,
sewage systems, and stream-channel grade.

In the extreme, instantaneous subsidence events, such as those occurring
over mined areas, can cause injuries or death. Although, the threat to
human safety is not nearly as great as the likelihood of economic loss, the
high density development of potentially subs1ding lands increases this
possibility steadily.

Adjustments to the Hazard

In areas where extensive fluid withdrawal has occurred, the most
effective corrective measure has been repressuring the area through
injection of a substitute fluid (usually sea water). Although this
method has proved efficacious, it is quite costly. Salt water has
been injected into the ground underlying the Wilmington oil field in
Long Beach, California at the rate of 1, 000 000 barrels per day since
1965 (DetWyler 1971).

Some of the other causes of subsidence generate coping methods which
are specifically oriented to that type of subsidence. Thus, the wetting
of sediments prior to development of lands subject to hydrocompaction
subsidence allows compaction to take place without risk of property
damage. :

The measures employed to cope with areas where solids have been
removed are similar to those used in reducing subsidence from fluid removal,
i.e. the underground spaces are refilled either with solids (e.g. tailings)
or with solutions. :

Other responses to subsidence in coastal areas include the construc-

tion of works to protect against the Inundation of the subsided lands,
continuous repair of facilities in the affected areas, and land use
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regulations.

Federal Policy and PrOgrémé

At present, no national policy deals with land subsidence.
However, because of the widespread nature of this hazard, such
a policy seems needed

JuStificatlon for a subs1dence warning program lies in the Disaster Relief
Act of 1974 which declares the need for disaster warnings with respect

to earthquakes, landslides, and "other geologic catastrophes." (Sec. 202,
88 Stat. 143, 42 U.S.C. 5121.)"

Few subsidence studies have been undertaken at the Federal level.
The U.S. Geological Survey (USGS) has studied problems of fluid withdrawal
subsidence, and both the USGS and the Bureau. of Reclamation have looked
into questions of hydrocompaction subsidence.

Experiences

Long Beach,-California - One of the more dramatic examples of subsidence
problems occurred in the Long Beach area of California where subsidence
as a result of fluid withdrawal in the Wilmington oil field has probably-
been greater than such subsidence anywhere else in the world., TFrom 1928-1971
the maximum vertical subsidence was nearly thirty feet, and covered an
area of more than twenty five square miles. The rate of subsidence has
varied greatly over the years but equaled thirty-nine per cent (39%) of
the total volume of fluid removed (Poland and Davis, 1969).

Because the area originally was only five to ten feet above sea level,
extensive remedial measures were taken to prevent the heavily industrial-
ized facilities from being inundated by sea water. Repair, maintenance
and mitigation efforts were extremely costly, exceeding $100 million by
1962 (Poland 1969).

The repressuring of the area has proved to be quite effective in
arresting subsidence over a large part of the area, and a small amount of
surface rebound has occurred in the areas of heaviest injection. (Mayuga
& Allen, 1966). Costs had reached $30 million by 1969 (Poland and Davis,
1969).

The City of Long Beach maintains a constant surveillance of the area
through a series of benchmarks. Reservoir pressures are monitored and
tidal gauges are read on the drilling islands off Long Beach to aid in
subsidence detection.

Houston-Galveston Area, Texas - During and following the Second

World War, this area experienced very rapid industrial development, and
consequent demands upon water were met mainly through the exploitation of
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aquifers. Heavy withdrawals of water resulted in the decline of artesian
pressure head, and the rate of water level decline increased from 1.21
meters per annum from 1954-9 to about 2.13 meters per annum from 1959-

64 (Gabrysch, 1969).

Subsidence began prior to World War 11, but has been precisely
monitored by a network of leveling stations only since 1943. Subsidence
rates from that time to the present have a high correlation with ground-
water pumping rates and the lowering of the water pressure in the .
aquifers. It has been pointed out that the area affected by subsidence
of at least one foot doubled approximately each decade since 1943 (Brown,
et al, 1974). 1In all, more than 3,000 square miles of Texas coastal
land have subsided at least one foot. Because of the clay composition
of the aquifers, even if groundwater pumping were stopped immediately,
the compaction and subsidence process would probably continue long
enough to cause an estimated fifteen to twenty percent additional ground
lowering (Texas General Land Office, 1976).

Mitigation of the impact already experienced and reduction of future
subsidence effects can only be accomplished by vacating the affected areas
or by constructing protective structures. The Corps of Engineers has _
invegtigated the possibility of constructing an extensive hurricane barrier
system across the southern end of Galveston Bay (Brown, et al., 1974).
Engineering works cannot assure long-term protection unless further
subsidence is prevented. '
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III. PROBLEMS AND RECOMMENDATIONS

A comprehensive coastal zone management program should address the
problems created by extreme natural events because these hazards
potentially threaten life, property, and the natural environment. The
coastal managers should have some knowledge of what kind, what magnitude,
‘and what frequency of hazard can occur throughout the coastal areas as
_they structure a program. Having recognized the problem, .coastal managers
are then in a position to propose effective means for adapting to such
hazards, including information programs for the general publlc about
hazard characteristics.

In some states, substantial efforts have already been exerted to
deal with the problems associated with natural hazards, either independent
of or in concert with one or more Federal agencies. These efforts should
be carefully examined by the coastal manager for their adequacy and for
their relationship with the overall CZM program. In other states, weak or
inadequate efforts demand significant upgrading or restructuring to reflect
current technical knowledge, to enhance popular awareness, and to incorporate
a hazard management component. :

The importance of planning to manage potential coastal hazards is
specifically recognized in the regulations which the Office of Coastal
Zone Management has promulgated to assist states in developing and gaining
Federal approval for their CZM programs (15 CFR 920 and 923). When speaking
of those elements which a comprehensive program should consider, the
regulations specifically mention "floods and flood damage prevention,
erosion (including the effect of tides and currents upon beaches and other
shoreline areas), land stability, climatology and meteorology' (923.4).

The regulations most directly address the delineation of hazard areas
in the section concerning areas of particular concern (923.13).
According to the regulations, ''such designation shall be based upon a
review of natural and man-made coastal zone resources and uses, and upon
consideration of State-established criteria which include... (among others)
...areas of significant hazard if developed, due to storms, slides, floods,
er031on,‘settlement, etc." They go on to say "particular attention in
reviewing the management program will be directed toward development by the
state of implementing p011c1es or actions to manage the de31gnated areas
of particular concern.”

By implication, the hazard potential in coastal areas should also be
examined by coastal states when delineating permissible land and water
uses (923,12), where states are required, among other things, to develop a
procedure which includes "an analysis or establishment of a method of
analysis of the capability and suitability for each type of resource and
application to existing, projected or potential uses. States are required
to develop guidelines on the "relative priorities which will be accorded
in particular areas to at least those permissible land and water uses
identified” above, including specifically those uses of lowest priority
(923.14).
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To the extent that hazard management and control is a part of a
comprehensive coastal program, state CZM agencies are also required to
include the cognizant state agency within their organizational structure
(923.22), may elect to take advantage of that agency's authorities to
administer land and water uses and control development (923.24), should
provide for full participation of affected agencies and persons in the
-adoption of the management program (923.31), and demonstrate that the
program has been coordinated with other rélevant planning .(923.32).

The requirements cited above are, of course, ones with which coastal
managers are presumed to have dealt in the course of their program
development to date. Of equal pertinence at the present time are those
new requirements to which coastal managers must respond as a result of the
passage of the Coastal Zone Management Act Amendments of 1976. Principal
among these are the three new planning requirements which have been added
to the program development phase (Section 305). These requirements, for
which regulations have not as yet been promulgated (November 1976), call
upon states to develop planning processes for: 1) protection of and
access to public beaches and other public areas; 2) energy facilities
likely to be located in or impact upon the coastal zone; and 3) assessing
the effects of shoreline erosion and evaluatlng ways to control that
erosion,

In meeting these new planning requirements, state CZM agencies may
need to re-examine technical work done to date and reassess current state
policies. The erosion planning requirement is obviously the one that is
most directly related to the issue of natural hazards. However, states
will undoubtedly want to examine the hazard potential of sections of the
coast, and perhaps specific sites as well, when they deal with the impacts
of energy facility siting. Finally, states may well incorporate hazard
management into their planning for the protection of public beaches and
other public coastal areas of envirommental, recreational, hlstorical
esthetic, ecological, or cultural value,

Hazard potential will be of particular interest to those states and
communities which participate in the Coastal Energy Impact Program
established by the 1976 Amendments. This program is intended to assist
those states and communities which incur major onshore impacts from the
development of outer continental shelf oil and gas. Impacted areas are
eligible for loans and guarantees to finance public facilities and
services required because of this development. The location of these
facilities and the kinds of services provided will certainly be affected
by the full range of natural hazards. Four major types of problems are
common to the majority of state agencies dealing with natural hazards in
their coastal areas. Each of these presents several gpecific issues which
are reviewed along with recommended lines of response in the following pages,

Wherever practicable, the discussion of problems is related to the
procedures which the state CZM agency may follow in meeting the requirements
for program approval and for designating areas of particular concern,
defining permissible uses, establishing priority uses, and estimating
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the effects of public facilities and services for energy production, None
of these tasks can be accomplished satisfactorily without some assessment,
however informal, of likely consequences. The way in which this will be
done will be shaped by prevailing state policy and procedures. Although
the details of state organization and authority vary greatly (as indicated
in the detailed tabulations in Section IV), the institutional problems
.are similar throughout the states.

. The four types of problems relating to natural hazards in management
of coastal land and water are: (a) delineating hazard areas; (b) defining
the options in coping with the hazard, (c) improving citizen awareness
and participation, and (d) organizing and coordinating the government
agencies involved. FEach of these presents specific issues on which
recommendations (italics) are made.

A, Delineating Hazard Areas

"In the management of any area vulnerable to natural hazards, an
essential first step 1s delineation of the localities most likely to be
affected, Without this step, the possibility of any effective management
action is severely reduced. In many instances, a precise delineation is
not possible, but it is important that some designation be made, no matter
how imprecise. These rough estimates can then be revised as new or more
complete information becomes available.

Many state CZM programs have approached the problem of mitigating
hazards by identifying hazard areas as Geographical Areas of Particular
Concern (GAPCs). This designation also includes land required to meet
environmental conservation and economic development needs. Where different
types of GAPCs are geographically distinct and mutually exclusive there
is a danger that measures to mitigate spatially widespread hazards will
be frustrated. It is desirable that hazard zones which are designated as
GAPCs should be as broad and inclusive as possible.

Major problems involved in delineation of hazardous zones are: the
scale and detail of hazard area mapping; the use of conflicting information
from various sources; definition of hazardous conditions with special
reference to seismic risk; and making understandable the recurrence
probability of the extreme events,

1) Scale and detail of mapping

A preliminary step in delineating hazard areas is to make some
designation of the area at whatever scale and detail are permitted by
the available evidence. It is sometimes argued that unless a very accurate
map of a hazard zone can be provided, it is better to offer no designation
at all. To take this position would mean that many hazardous parts of
the coast would remain unidentified for a long time. It is always possible
to make a rough designation of a hazard area and to state explicitly that
this is subject to revision as more information becomes available,

_ Thus, the vulnerability of a sector of the coast 'to hurricane hazard
may be stated in the very rough terms shown in Figure II-3, indicating
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the approximate recurrence intervals of storms of hurricane strength. At
the other extreme are the maps prepared by the Federal Insurance
Administration which show the estimated location of lands subject to floods
of probabilities of one per cent (1%) or more. Between these extremes of
accuracy are a large number of possible combinations of scale and detail
that result from the character of the scientific information available.

It is desirable to attémpt some "kind of designation of
hazard areas along each sector of the coast, ueing whatever
scale and detail of map is appropriate and coincides with the
available information. This can always be done, provided there
18 explicit recognition that the precision of the map shall be
revigsed as more information becomes available.

2) Inadequate and conflicting data sources

Public officials dealing with coastal management seldom encounter
generally accepted information on natural hazards. More often they are
confronted with estimates of hazard vulnerability which are in apparent
conflict, For example, estimates of storm surge from a hurricane of
given magnitude may differ from the U.S. Geological Survey, the Corps of
Engineers and a consultant employed by the Federal Insurance Administration,
These differences result from differing sources of data and modes of
analysis. It 1is impossible to reconcile data or methods by conference or.
exchange of memoranda, unless the state has access to a scientific agency
which will synthesize and assess the several estimates, as was the case
in the preparation of a map of shoreline vulnerability prepared for the
Texas coast (Brown, et al., 1974). It is usually necessary to find out
precisely what differences have occurred in data base or in method and
then to determine what is the most suitable combination of data and method
for a particular locality. The American Arbitration Association has an
experimental project on data validation for the New Jersey coast which
may be more generally applicable. Where there remain unreconciled
differences, it is important to present the whole array of estimates so
that the public may be aware of them,

This problem occurs in determining areas subject to flooding
by overbank flow along coastal streams, Most of the conflicts in
judgments are among professional workers in organizations using differing
specified procedures and standards. Such conflict in estimates need not
seriously impede the publication of a delineation of a vulnerable zone.

Local interests sometimes argue that unless the delineation of a
hazard area is precise and of unquestioned scientific validity, it cannot:
be used for purposes of establishing areas of particular concern or to
designate permissible land uses, subdivision regulations, special building
codes, and the like. This, in practice, has not been a crippling
consideration. However, this view can trigger severe political obstacles
which may hamper the adoption of land management measures in hazardous areas.,

The general position of the courts has been that a hazard area may
be delineated with full knowledge that data are rough; so long as the

III-4



\

evidence is stated, and competent scientific judgment is brought to bear

on analysis of the data (e.g. Just v. Marinette County 201 N. Ww2d 761,

1972; Sibson wv. State 336 A.2d 239, 1975). The resulting determination can
be accepted with the understanding that it shall be revised as new -
information is obtained or as more sophisticated methods of analysis are
developed. Likewise, a delineation may be changed repeatedly as a result
of public hearings or protest by individual property owners in accordance
with explicit provision for revision and variance. '

It is recommended that any designation of a hazard area
be accompanied by explicit statements that: a) reasonable
use has been made of available scientific information,
indicating the sources of such information, and b) there will
be opportunity for public examination and review of the
designations with subsequent revision of them insofar as new
information or scientific interpretation warrants revzsaon of the
boundaries. :

A nagging question which accompanies any estimate of vulnerability
to water movement along the coast is that of the prospect that the
ocean level in the future will rise or fall at an accelerated rate.

It is possible that such changes are underway but not yet identified.
When local groups assert that the delineation of hazard zones will be
altered by changes in ocean level resulting from shifts in global
atmospheric patterns, a reasonable response is that it is not impossible
but that the evidence does not yet warrant any change in delineations.
It may be helpful to conduct sensitivity analyses of altermative
adjustment plans in order to determine which options will stand up best
to future climatic or other changes, should they occur,

3) Defining hazardous conditionms

Determining whether hazardous conditions exist is subject to many
scientific difficulties, often requiring the analysis of conflicting
information. An illustrative example is the attempt to define an area
subject to seismic rigks. Here it is possible to state the probabilities
of occurrence of an earthquake of a given magnitude in an area where there
. is an earthquake disturbance record of 100 vears or more. However, this
does not help in dealing with areas where a major event has few recorded
precursors and relatively few events thereafter, e.g. the great Charleston
earthquake of 1886 or the Boston earthquake of 1755, Nor does it assist
in differentiating the relative wvulnerability to damage of pieces of
land within a very small area according to their susceptibility to ground
motion from an earthquake. As indicated in the mapping of vulnerability
to liquefaction in the San Francisco Bay area (Figure II-15), it is
possible for an area to be highly subject to liquefaction and consequently
severe motion, whereas a neighboring area only a short distance away may
be relatively secure.

In these circumstances it is important to obtain the best available
judgment of seismologists and earthquake engineers of the relative
vulnerability of an individual building or property. It is also important

p
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to recognize that there are grounds for honest differences of, judgment of
the degree of risk and of the approprlate design of earthqua e resistant
structures. ' -

In California, coastal zone planning for adjustment to seismic
hazards is based almost entirely on liquefaction potential, as determined
by soil analyses, while the state-wide seismic hazards adjustment program
is based largely upon proximity to active- fault zones. The two may
‘require reconciliation.

Wherever special questions exist about the basis for
designating the degree of hazard in an area, such as one of
seismic risk or of the extent of tsunami run-ups it is
desirable to commission a special report by a state or Federal
agency or by a consulting firm, Requests for such reports
should inelude a specification of the type of extreme event
which is to be examined, the types of land use for which
the area is to be considered, and the degree of risk which
it 1s believed the community is willing to accept.

4) Making probabilities understandable

.Many estimates of the vulnerability of an area to an extreme event,
such as flooding, hurricane surge or seismic movement, include an estimate
of probability of recurrence. Without some judgment of probability,
however rough, i1t is only possible to say that an area may be subject
to the extreme event without indicating the degree of likelihood that
such an event will occur. Such designation may be of little value in
land and water management unless accompanied by an indication of frequency.
The most common method of estimating probability is to analyze the data
from past events or from the occurrence of those events in similar areas,
such as neighboring drainage basins or earthquake zones. This always
involves statistics that are at best subject to inaccuracies in the original
measurements and which seldom are available for a period of more than 50
to 100 years,

It is desirable, nevertheless, when considering power plant siting or
the wisdom of dense residential development, to estimate the likelihood of
recurrence of rare events. A device used in the Federal Insurance
Administration reports for describing the recurrence interval is delineation
of a "100~year flood." This wording suggests to some people that a flood
is expected to occur once in 100 years and in that case is misleading.

It would be more accurate to state that a flood of defined magnitude had

a one per cent (1%) chance of occurrence. In each year there is a one

per cent chance that it will occur. There could be two or more occurrences
of an event of that magnitude in a given year. It is important to explain
that the probability is the same every year regardless of the time of the
previous occurrence of an event of that magnitude.

On the other hand, the concept of annual probabilities may fail to

convey the true nature of a threat over time. In deciding for which
magnitude of event to plan, the probability of certain events occurring
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at least once during some timé span longer than a year should be taken
into account. Thus, many business transactions are for 10-year periods,
few mortgages exceed 25 years, and the length of one person's wage earning
rarely exceeds 50 yeafs._ Probabilities for these periods are as follows:

. *

‘Event, _ Probability of Occurring at Least Once in

(Annual Probability) ‘ : . )

o 10 yrs 25 yrs 50 vyrs
10-year (.10) . .65 _ .93 .99
25-year (.04) .34 .64 ' .87
100-year (.01) .10 .22 . .39

% : : .
A probability of 1.00 = certainty that an event will occur in a
stated period,

Even though it ie mot practicable to ehow with accuracy the
detailed recurrence interval of an extreme event such as a flood
or hurricane in a small river valley or a sector of the coast,

it may be practicable to indicate the approximate recurrence
intervals of this type of event drawm from examination of regional
data. Examples are the estimates of hurricane recurrence shown

in Figure II-3 and of flood occurrence for regions in the
Tennessee Valley prepared by the Tennessee Valley Authority.

These can be shown both as annual probabilities, and as probability
of occurrence over a stated time period,

Wherever possible, a recurrence interval should be designated
as a percentage of occurrence rather than a number of years.
This avoids confusion about the timing of an event and recognizes
that the extreme events tend to occur on a random rather than a
periodic or cyclic basis.

When presenting the results of any analysis of probabilities
of extreme events, it ig important to state that larger and less
frequent events than those of a designated probability may
concetvably occur. In areas subject to flood or hurricane storm
surge designated as being within the "100-year" (one per cent, 1%)
zone, public agencies and citizens should be informed that larger
and less frequent events may occur and that these may bring far
greater soctal dislocation and loss than the more frequent events
for which plans are made.

B, Defining and Evaluating the Options

The principal problems associated with defining and evaluating
hazard adjustments in coastal areas are: describing the range of possible
adjustments; the issue of private property rights; predicting the
interactions among various alternative adjustments; and assisting the
local and state groups in understanding the choices open to them,
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1) Range of ad justments

One of the primary difficulties encountered in appraising natural
hazards in.coastal areas is identifying the full range of possible
adjustments to an extreme event. Conventional approaches associated
with agency missions tend to dominate public and technical consulting
thought, Moreover, it is hard for individuals or groups .to canvass more
than a couple of alternatives at one time: In practice, individuals and
‘communities tend to settle on a combination of adjustments when given
an opportunity. In contrast, when a public body is faced with making a .
choice it tends to adopt one adjustment to the exclusion of others,

The role of coastal managers is to make certain that all
parties comcerned are aware of the full range of choices and
of the coete and benefite attaching to each.

Reports from engineering consultants on beach erosion control works
increasingly emphasize the alternative of beach management as a means of
reducing erosion, but may not be strong on methods of general land use
management or of dune stabilization by vegetation practices. Similarly,
the opportunity to provide information to citizen or business groups to
influence decisions to locate in hazardous areas often 18 neglected. when
reliance is placed on formal measures such as building codes or subdivision
regulations,

Agencies dealing with extreme events tend to be wedded to onevtype'
of action, There is a disposition to find some means of controlling the
event by engineering or other physical measures. The classic cases are
breakwaters to retard coastal erosion, and dams and restraining works to
contain or hold back flood flows., Similarly, in the field of land use
management there is a tendency to concentrate on more traditional zoning
regulations without considering a variety of other devices that are
concelvably available. This would include in the case of hurricane
hazard the opportunities for reducing risk by changes in the location and
design of buildings, by improvements in evacuation plans, and by education
of the population at risk to the options that are open to them. In some
inland flood situations it has proved more effective for a community to -
purchase the land at risk than to engage in protection measures, as .
illustrated in the Littleton, Colorado flood plain, :

A major task for the agency concerned with management of coastal
land and water is to prepare an array of all theoretically possible
measures, whether or not they are customarily employed_by egtablished agencies,

It should always be practicable to inelude in the form of
a list, table, or diagram the types of adjustments which are
possible in a given area and those which, in fact, are adopted
at the time of the study., This will often help to dispel public
beliefs that there is only one course of action which can be
congidered in dealing with a hazard or that the types of actions
which have been taken in the past are the only ones which can be .
taken in the future.
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One way of presenting these is in.the form of a table as shown in
Appendix E,

2) Private property rights

A common question raised about land use management plans for |
vulnerable areas is whether or not the zoning, subdivision, or building
regulations deprive property owners of use of their property for ‘
profitable purposes. Although it may be a profound concern among.
property groups in the community, this need not be a major legal issue; so
8o long as whatever regulations are enacted and enforced leave one or more
productive use options open to the property owners. These uses may
include such purposes as golf courses, public .parks, parking lots, and
other open space or low density activities for which property may be sold
and which may yield a return. Those uses may be far less remunerdtive
than high density residential or commercial uses, but at this poimt it
becomes important to recognize the cost to the communlty of permitting the.
higher yield uses, These costs include:

The cost of emergency warning services;

Emergency evacuation relief to disaster victims;

Rehabilitation to damaged properties and families;

Repair of public utilities injured by-the extreme event;

Contributions to the construction of protective works required by
the citizenry once a vulnerable area has been occupied and damaged.

3

All of these raise the long—term public cost of the occupied area and
need to be estimated in order to compare them to the gains which would accrue -
to private property owners if they were allowed to exploit the vulnerable
area for higher uses. A California Superior Court decision (Sheffert vs.
Los Angeles County, Case No. 32487) held the county responsible for private
property damage resulting from development in a hazardous area for which
the county had issued a permit. If the courts generally adopt this opinion,
the public agencies will be forced to regulate development even more
carefully.

One effective means by which communities can guide the occupaticn
of vulernable areas is in their regulation of public utilities construction
in such areas. Communities faced with sudden’'major potential growth
(e.g. in response to OCS development) may find this approach particularly
useful. By designating which lands will or will not be served by public
water supply, sewer services and paved streets, they may influence the use
of the land without zoning ordinances and building permits. 1In the lake
plain of the Chicago metropolitan area, for example, the rule of the
Metropolitan Sanitary District in determining what areas would be serviced
by trunk sewers was effective in bringing about the land use planning
and regulation in flood vulnerable areas of the member communities.

It may be desirable to show how regulation of the use of a sand dune
area would reduce the subsequent expenditures for dune stabilization and
for beach protection in the event that a degradation in the dune vegetation
were to be permitted.

"~
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A recent study in two northwest Florida communities indicated that -
there may be more public support for hazard zone regulations than had
previously been believed. Between 70-85% of the residents favored coastal
setback legislation, flood plain zoning, hurricane wind building codes,
and mobile home tie down requirements. Wind-related building codes were
least popular. Infringement on property rights was seldom mentioned as a
reason for opposing the laws. The original survey was taken shortly after’
a hurricane in the area, but a year later ‘there had been no diminution of
‘support (Baker, 1976a).

Wherever there ts discussion of the desirability of public
regulation of private land use as a means of coping with the
hazard of extreme events, a specific statement, possibly in the
form of a scenario, should be made of the probable public
effects of permitting continued development of that area. This
should include a listing of the costs that would accrue to public

agencies in providing for emergency warning, evacuation, disaster
relief, rehabilitation services, the repair of public utilities,
and likely .local participation in the'cost of eventual protective
works for the developed property. It also should include an
estimate of the degree to which the life of the community may be
dislocated by the occurrence of the extreme event and the likely
costs to private citizens.

3) Interactions among adjustments

Whatever the number of adjustments that seem to merit consideration
in a particular coastal location, it is important to remember that the
array of possibilities is dynamic rather than static. The suitable mix
of adjustments for a given shoreline can change as a result of two sets
of factors that are at work.

First, circumstances on the national scene may influence the costs
of and benefits from the adjustment. These circumstances include:

Changes in composition and density of coastal populations
(e.g., crowding toward beach locations, seasonal increases
in numbers of residents);

Changes in technology (e.g., capacity to exploit offshore oil
resources); :

Changes in public tolerance of risk (e.g., unwillingness to
accept the hazard of loss of life from occupying a house on
a site permitted by a municipal agency).

For example, OCS energy production facilities are generally designed to
operate during a wide range of extreme physical conditions, thus making

0il and gas available to ‘onshore support and processing plants even

during periods of severe onshore hazard. This tends to encourage the
"hardening" of processing industries to withstand extreme conditions and
prolongs their operation during hazard events. For these and other reasons
the judgment of what is an appropriate choice may change. A careful
appraisal of the alternatives will help identify some of the changes that
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are in progress. This would include,  for example, an estimate of the
degree to which the vulnerability of an area to damage would be affected by
the continued trend in use of mobile homes as either year-round or

seasonal residences.

Each statement of the plans for management of a coastal
hagard area should include an estimate of the extent to which
the occupation of the area is likely ‘to be affected by changes
in population, technology, or risk tolerance.

Second, the adoption of one adjustment may encourage or hinder the
adoption of others. For example, where subsidized insurance is provided
to occupants of homes within the reach of storm surge there may be less
interest in flood proofing the structure., However, the regular insurance
program, in contrast to the emergency program, requires enactment of
land use regulations governing further invasion of the one per cent (1%)
probability zone. Tt has been suggested that the availability of flood
insurance has encouraged banks in Rhode Island to offer mortgages for
second homes on oceanfront sites, In turn, this facilitates further
increases in the amount of investment exposed to risk from inundationm,
coastal erosion and wind damage. '

The Texas Catastrophe Property Insurance Association, established
in 1971 by the Texas legislature, requires insurance companies to pool
their resources and provide coverage of high wind risk areas. The insurance
premiums will hopefully be integrated with building codes, encouraging
adoption of minimum hurricane building standards. The inter-—
relationships of adjustments for floods illustrated in Figure III-1 reveals
that some of the linkages are known and others are still speculative.
It should be recognized that in some cases the provision of insurance
against hazard damage may deter property owner interest in the adoption of
more rigid standards for the design of hazard resistant structures.
Organization of improved flood warnings may stimulate interest in flood
proofing. A similar rough matrix can be constructed for any coastal
location where there are choices among adjustments.

In describing the range of possible adjustments to a

natural hazard it is important to state the extent to which

one adjustment may be expected to affect adoption of other

adjustments.

4) Assisting in the choice

When choosing a mix of hazard adjustments, the results can be no
better than the information upon which the choice is based. One of the
types of information required is an impact estimate. Essentially this is
the projection of what consequences will follow if a certain mix of
adjustments is chosen and a certain combination of extreme events occurs.

I4

Subject to certain aﬁditional constraints, the objective of any
natural hazard adjustment program is essentially to minimize three broad
areas of adverse effects resulting from hazard occurrence. This objective
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might be termed-loss aversion. The first of these categories is the
threat to human health and safety. It is important to know the effects
of potential hazards in terms of loss of life, extent of injuries, and
possibly, occurrence of disease. It should be possible to estimate the
degree to which each of these effects will be changed by the adoption of
each particular adjustment alternative or by mixes of adjustments.

Second, natural events cause property damages, to non-commercial and
‘private property, to commercial private property, to commercial and
industrial property, and to public property. It is important to be able
to estimate such damages, and the extent to which they might be reduced
by the adoption of each particular adjustment alternative. '

Third, natural events cause social surprise and disruption.
Estimating such effects is difficult. Indirect economic costs, such as
. those due to disruption of communication and transportation networks,
are clear in principle but somewhat difficult to estimate in practice.
Some of the non-economic aspects of surprise and disruption (e.g., changes
in attitudes and beliefs, and changes in the functioning of social
institutions) are neither clear in principle nor easy to estimate.

A statement.of the choices which are available should
include an estimate of the extent and type of loss aversion,
in terms of human health and safety, property damages, and
soctal surprise and disruption.

Loss aversion, although the primary objective of hazard adjustment
programs, is not the only factor which should be considered. The cost
(not necessarily monetary) of the alternative under consideration is also
important, as are other impacts, or side effects, which may be positive
or negative. Chief among these in coastal zone planning is impact on
environmental quality. Hazard adjustments may improve or degrade the
natural environment. In the hurricane zone, for example, intensive use
of the area can aggravate coastal erosion, destroy dunes and beaches, and
degrade ecologically sensitive areas such as mangroves. McHarg (1969)
argues that natural processes often work to man's advantage, and that the
less those processes are disrupted the greater will be their benefits to
gociety. - Bulldozing of dunes interferes with the protectlon against storm
surge afforded by these natural features.

Other kinds of impacts can also be important. These can occur when
natural hazard adjustments also involve potential effects on scenic,
historic, cultural, and recreational areas, and upon economic development.
Such effects should be considered and appraised.

A statement of available choices should also include some
indication of whether a given choice may protect or may lead
to degradation of other environmental features. Even though
monetary estimates canmot be made of the envirommental
consequences, some indication can be given of their likely
magnitude. Similar estimates of impacts on other coastal
resources and activities should be prepared where relevant.
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Identifying and projecting the magnitude of impacts of alternative .
hazard adjustments is subject .to the same problems of inadequate and
conflicting information discussed previously. It is further complicated
by the human tendency to assume that the future will follow the pattern
of the past. When dealing with natural hazards, in particular, this
reliance on extrapolation can lead to poor decisions.

Natural hazards differ from other aspects of coastal zone plahning
‘in one important respect; the more disastrous the event the less likely
it is to occur. This is fortunate, of course, but it complicates planning
because most people find it difficult to act on the basis of potential
events which are outside of their experience. The tendency is well
illustrated by the almost total lack of consideration of earthquake
hazards in the eastern United States and a similar discounting of the
tsunami and hurricane hazards in the West. Such events are rare in these
- regions, but they will oecur and when they do the potential for destruction
is great, ’

Impact assessment should recognize and deal with the improbable but
catastrophic event., Most planning reports express impact estimates as if
only one outcome were possible, In other words, the tendency 1s to limit
attention to the most likely outcome and ignore other possibilities which
may carry very different comsequences. This practicé can lead to poor
choices in general, and to almost complete neglect of natural hazard
adjustments in particular. To avoid this mistake, planners should seek
ways of presenting and analyzing a range of possible outcomes, and of
estimating the probability of occurrence of each. One or more illustrative
possibilities may be described, and their probabilities of occurrence may
be estimated (see p. III~7). Scenarios which portray consequences of
extreme events are one way of doing this, although they should not then be
used arbitrarily as the basis for planning, as 1s the 100 year flood for
example.

There is a growing literature of scenarios which present graphically
the likely effects of an extreme event. These help in choosing one form
of adjustment over another. Estimates of the consequences of an earthquake
in San Francisco have been presented by several study groups (White and
Haas, 1975; Rinehart, Algermissen and Gibbons, 1976). 1t may be possible
to encourage local universities or government agencies to make this kind
of an estimate to demonstrate the magnitude and extent of a hazard, The
methodology is outlined in the report by Erickson (1975). An example of
this is given in the scenario for hurricanes in Miami, Florida, in
Appendix D,

One useful way of projecting the likely consequences of
chooging one adjustment over another is to prepare scenarios of
the estimated effects of the occurrence of an extreme event under
stated assumptions of the type of land use and the character of
public activities prevailing at the time the event occurs.

J
An adequate set of impact estimates will: 1) describe the
potential consequences of each adjustment alternative (including
taking no action), 2) describe impacts in terms of those
outcomes which are most important, and 3) reveal the probabilistic

ITI-14 -



nature of potential outcomes. The next step is to evaluate the
various adjustment alternatives, and compare their-estimated
tmpacts.

Comparing alternatives and choosing between them is a process infused
with value judgments., It is a political, as well as a technical task.
Technical imput is necessary, in a form which will facilitate an -
enlightened political choice. In this respect, there are several methods
for presenting impact estimates which may make them more meaningful and
useful to those who must choose. Such methods as benefit-cost, cost~
effectiveness, and balanced impact analyses are well known.. (See Howe,
1971 for a description of the methodology.) All are designed to facilitate
comparison between alternatives.

Benefit-cost analysis originated in part in the evaluation of such

~ Federal natural hazard adjustments as flood control, coastal erosion control
‘and hurricane protection. It solves the problem of incomparability of
impact estimates (non-commensurability, in technical terms) by assigning
market-determined monetary valuation to dissimilar impacts. For the many
impacts which are not market-valued, some technique must be used to construct
monetary values or other bases for comparison. - Benefit-cost analysis
substitutes market valuation for political valuation, and for this reason
may be inappropriate. Finally, benefit-cost analysis works best for

capital investment projects, and tends to be less useful where investment

is not a major aspect, as in land use regulation.

Cost-effectiveness analysis is easier to perform, but is more limited
in its value premises, and more limited in application as well. It consists
of a comparison of the monetary costs of accomplishing a given objective-
by alternative means. Non-monetary costs are not considered and neither are
the many impacts (side effects) produced in addition to attainment of the
single objective. Like benefit-cost analysis, it is'difficult to use in
comparing such adjustments as land use controls, whose direct costs are
minor consideratioms. '

Balanced impact analysis attempts to make an event which- is outside
of normal experience easier to visualize and appreciate by constructing
an analogy with a more common event with similar consequences. For example,
the risks from a hurricane landfall may be compared with those of driving
an automobile. One major problem with such an alysis is that it
requires a consistent data base, which generally is not available.

Each of these analytical devices, however limited and imperfect, should
be used, where appropriate, in coastal zone planning to encourage and
facilitate the comparison of alternatives. Their purpose is to make impact
estimates more useful in that context. What is important is not the
particular form of analysis employed, but the existence of a critical and
comparative perspective on the part of both technical planners and decision
makers,

Any discussion of natural hazards adjustment options should

wnelude an outline of the major trade-offs which the community
will experience in choosing one option over another.
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Much of the traditional benefit-cost analysis deals with aggregates
for the nation, a region, or a locality. It doeg not separate out the
effects as they fall upon specified groups in the nation or community.

The continuum of effects may extend from death to increased taxation

(see Figure III-2), In recent years distributional effects have commanded
greater public attention, and efforts have been made to show who gains from,
and who pays for a given investment or regulatory program (Cochrane, 1975).
The differences in effect of three types of extreme events are shown in
Figure III-3, This does not reflect the distribution of total costs,
in¢luding cost of public improvements. Depending upon public fiscal policy,
there is no direct correlation between the benefits received and the costs
paid

- A statement of the choices which are avatilable should include
an estimate of the likely distribution of the major costs and ,
benefits among diffevent sectors of the community and among the
Federal, state and local beneficiaries.

Planning for natural hazard adjustment in the coastal zone is undertaken
within a climate of uncertainty, as discussed in previous sections. To
date, a common but unfortunate way of dealing with this uncertainty has been
to ignore 1t. Although recognition of uncertainty is necessary, it is not
sufficient. Something must be done about it as well, ' N

One basic decision-making strategy is to preserve as much flexibility
as possible, so that if better information becomes available, or conditiomns
change in the future, desirable courses of action have not been foreclosed.
The adoption of such a strategy would place greater emphasis upon
identifying and avoiding irreversible choices when evaluating alternative
adjustments., For example, some adjustments might produce ecological
changes which could not be reversed. Others may produce social changes
which would be practically irreversible.

A policy to consider in presenting the choices open to
communities along the coast is to identify the options which
maintain maximum flexibility so as to avoid taking action
which would lead to irreversible changes with adverse social
or envirommental consequences.

C. Improving Citizen Participation

Public participation is expected throughout the process of delineating,
determining permissible use of and planning suitable management for
vulnerable areas, The extent and nature of the participation is affected
by the format in which information about hazards and the recurrence of
extreme events 1s made available, the networks of citizen groups through
which the information is disseminated, and the role which is assigned to
citizen organizations in reviewing the scientific information and the
administrative options, A troublesome aspect of these efforts is the ability
to distinguish arousing awareness of a natural hazard from providing a
sense of efficacy to deal with the extreme event before or when it occurs.
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1) Awareness and efficacy

Making citizen groups aware of the hazard of a natural event does
not necessarily lead to any positive action in coping with the hazard.
It is always equally important for both the citizens and the responsible
public agencies to be aware of the efficacy of some action which they can
take in coping with the situation. Where people feel there is little
that they can do to cope with a threat they may resort to denying its
existence or to claiming that it is of relatively little importance.
Their response to threats to life may be different from threats to
property. :

With any statement of the existence of a hazard, it is desirable to
find ways of assoc¢iating an outline of the kinds of practical action that
may be taken in responding to it. For example, people who receive a
. warning of a flash flood .or of an impending hurricane or storm surge will
be more likely to take action if the warning includes specific suggestions
of how they may be effective in the emergency or indication of what happens
when they take action. ‘ ’ :

The California Division of Emergency Services has a series of radio
and TV broadcasts which indicate the kinds of effective actions that
can be taken upon feeling the first tremors of an earthquake. These are
emergency actions, but they can be linked, with benefit, to-discussions
of land use in the hazard areas, and steps which can be taken in building
design or other channels to reduce vulnerability to losses.

»  Wherever practicable a description of a vulnerable areq
should be ‘linked with information about the availability of
wvarning systeme. This helpe to remind the citizens
concerned of the reality of the threat.

It is desirable to assoctate a statement about vulner-
ability to a natural hazard with outlines of the kinds of
responses which people can make to the hazsard when they recognize
ite full dimension. This would include information about the
availability of flood or earthquake insurance, or of steps which
could be taken upon experiencing an earthquake.

2) Modes of disseminating hazard information

There is a large and rapidly growing body of information and
avenues available for disseminating information about hazards and ways
of coping with them. It has been common to disseminate this information
primarily through maps and brochures published by responsible agencies.
Major producers of these are the National Oceanic and Atmospheric
Administration, the Corps of Engineers, the U.S. Geological Survey, and
the Federal Insurance Administration., Each is prepared to pass on the
information upon request (see Section VI for names and addresses). A
state agency can get the technical information from the agencies by
special inquiry or arrangement.
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There are, however, other networks which may be used to good
advantage. One example is the Texas Coastal and Marine Resources Council
which disseminates its own set of maps and brochures for distribution to
interested citizens and citizen groups. The targets of such information
should include individuals or non-government agencies concerned with
decisions about land use management. Quite aside from property owners
or tenants of properties, examples of groups which should be involved are:

Local and state associations of land appraisers;
' Mortgage officers; :
Savings and loan officials;
Officers of consumer safety agencies;
Officers of consumer protection groups;
Public school curriculum supervisors;
Radio and TV stations; '
Newspapers; '
Defense Civil Preparedness Agency and local Civil Defense officials;
Environmental quality organizations;
Architects and building design engineers;
Legal advisors to land use planning;
Associations of city and county building officials;
Local chapter of property insurance insurors;
Public utility companies; :
Labor organizations;
Industrial plants maintaining in-plant information services.

Placing information about the hazard in the hands'of citizens does
not necessarily guarantee constructive public action. It is important to:

1) Select networks of citizens who are in a position to make
decisions about permissible uses and sites, and

2) Suggest the range of potentially effective actions available
to them. ' '

In planning for the dissemination of information about hazards it is
desirable to analyze the principal groups which have some role. in making
decisions about future use of the hazard area, and messages should be
designed to be used specifically by those groups.

Inquiries should be made to ascertain which charnels of
information about a hasard have higher credibility in the view
of people for whom the information is designed. Thus, in areas
where citizen organizations or volunteer groups are more credible
than representatives of Federal and state agencies, 1t may be
desirable to enlist their participation and service in '
contributing and disseminating information and providing for a
eritical review of statements prepared for the public.

A large propertion of populations in some hazard areas are new

arrivals and lack experience with extreme events of infrequent occurrence.
One of the classic cases is that of the population of areas subject to
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infrequent hurricane winds and storm surges along the Atlantic and Gulf
coasts. The accompanying Figure IIT-4 1llustrates, for a sample county
in New Jersey, the proportion of population which has moved into the
area since. the most recent destructive hurricane. The increases are
accounted for by normal growth and by in-migration from areas free of
hurricanes. g

Tn preparing plans for dissemination of information about
hazards it 1s important to design the presentation of the
evidence so that it will be intelligible to both the experienced -
population and to the newcomers without that experience.

3) Methodsypf presenting the options and choice

The more common and formal methods of involving citizens in Federal
planning, constructlon, and management in coastal areas, as encouraged
by the Act, are hearings on proposed projects for construction or
acquisition. These include projects for Federal contributions for beach
erosion control, protection works against -hurricane storm surge, and
acquisition of property for national parks and seashore.

The Corps of Engineers has experimented with methods of holding such
hearings more than most other agencies. Some of their methods and
experience deserve consideration, particularly where a Vigorous effort
has been made to involve local groups (Institute of Water Resources, 1975).
In addition to the conventional type of formal hearing in which a draft
report or statement of project investigation is circulated and in Whlch
public officials and citizens are invited to make public statements,
there is epportunity to a) organize special discussion groups, b):
circulate background material for consideration by informal groups in
the community, and <¢) conduct polls of preferences, and the like, The
relative effectiveness of these various measures is not well established.
There is some reason to believe that a properly organized hearing may
yield as representative a view of local interests as the other devices.

A less conventional mode of community review does not necessarily lead

to different expression of views or to a different decision on the part of
the community than would have come from a standard type of hearing
(Heberlein, 1975).

Studies of citizen response to plans for beach erosion management
along the eastern seaboard indicate that a relatively small number of
citizens in the affected communities took part, but of theose who did,
the most clearly concerned were the local commercial merchant community
and the year-round residents as noted in Section II,

It is important to identify and evaluate the various media

“and channels that can be used to present options and choice to
public groups. Whether or not the hearings mechanism, in contrast
to discussion groups, conferences, or individual communications,
18 more effective depends upon local eircumstances. It should
not be assumed that a public hearing ie the most effective means,
but neither should it be dismissed without a careful examination
of the other alternatives and their relative cost and efficiency.
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Figure III-4

POPULATION GROWTH IN A NEW JERSEY COASTAL COUNTY,
- AND HURRICANE OCCURRENCE, 1900-1970
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D. Organization and Coordination

After a hazard zone has been delineated in some fashion and the likely
social impacts of a possible set of adjustments have been estimated, the
task 1s to select suitable management tools. This involves economic,
administrative, and legal questions. The legal questions arising in
-coastal areas are reviewed in Appendix B. Among the key issues’ are those
relating to public acquisition of land and water rights, land regulation
‘for health, safety, and welfare, and wetlands protection. The principal
problems involved- at this stage of coastal zone management are encouraging
the organization of appropriate gtate and local agencies, coordinating
land and water:management with emergency planning for disasters, and
coordinating the work with other Federal programs.

1) Encourage organization of'apprqpriate'state or local agencies

In a number of coastal situations it is unlikely that any adjustments
to hazard, such as cooperative activity in stabilization of dune areas,
will take place unless there is appropriate local organization of agencies
- with authority to assess taxes and to make expenditures for those purposes.
They may cartry the danger of splintering and ‘duplicating existing agency
programs, For these reasons, a basic step in outlining the options which
are open to a community may be to describe the legislative or judicial
measures which would be necessary to organize a local district, and the
.grounds on which they could be justified in going through the appropriate
state and county procedures. Regional Councils of Governments may be one
_instrument for making this type of review.

Descriptions of proposed changes in the mix of adjustments
to hazard should assess the need for organization of state or
local agencies with the necessary powers to promote the new work.

2) Coordination with emergency planning for diéasters

Every state in the coastal zone has a state organization which is
responsible for preparing disaster preparedness plans, (See list in
Section VI.) These plans include not only the marshalling of emergency
services, but also the organization of measures to mitigate the prospective
disaster and to guide the activities of rehabilitation and reconstruction
to promate later mitigation and preparedness.

Under Section 201 of the Disaster Preparedness Act of 1974 specific
authorization is given to the Administrator of the Federal Disaster
Assistance Administration (FDAA) to support studies in each of the states
applying for such help, to the extent of $250,000, for the preparation of
disaster preparedness plans, including steps for the mitigation of potential
disasters. - The wording of the Act is as follows:

SEC. 201. (a) The President is authorized to
‘establish a program of disaster preparedness that
. utilizes services of all appropriate agencies

(including the Defense Civil Preparedness Agency)
and includeg--
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(1) preparation of disaster preparedness plans
for mitigation, warning, emergency operationa,
rehabilitation, and recovery;

(2) training and exercises;

(3) postdisaster critiques and evaluations'

(4) annual review of programs; ' [

(5) coordination of Federal, State, and local

preparedness programs;

(6) application of sc1ence and technology;

(7) research

(b) - The President shall provide technical
assistance to the States in developing comprehensive
plans and practicable programs for preparation
- against disasters, including hazard reduction,
"avoidance, and mitigation; for assistance to
individuals, businesses, and State and local
governments following such disasters; and for
recovery of damaged or destroyed public and private
facilities.

' (c) Upon application by a State, the President
is authorized to make grants, not to exceed in the
aggregate to such State $250,000, for the development
of plans, programs, and capabilities for disaster .
preparedness and prevention. Such grants shall be
applied for within one year from the date of enactment
of this Act. Any State desiring financial assistance
under this section shall designate or create an
“agency to plan and administer such a disaster
preparedness program, and shall, through such -
agency; submit a State plan to the President, which
shall~-

(1) set forth a comprehensive and detailed State
program for preparation against and assistance following.
emergencies and major disasters, including provisions
for assistance to individuals, businesses, and local

© governments; and ,
(2) include provisions for appointment and .
. training of appropriate staffs, formulation of
necessary regulations and procedures, and conduct
of required exercises. ‘

(d) The President is authorized to make grants
not to exceed 50 per centum of the cost of improving,
- maintaining and updating State disaster assistance
plans, except that no such grant shall exceed $25, 000
.per annum to any State.

As of September, 1976, all but one state had applied for and received
funds for these studies and were in various degrees of execution.

Although the current. Section 201 of planning is focused primarily
on preparedness for response to disaster in accordance with policy
instructions from the FDAA, the mechanism which has been established
is intended to deal with mitigation, and must in the long term take
account” of possible measures to prevent rather than act in the trail

]
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of natural disaster. For this reason, the State emergency services
agencies have the possibility of supporting and collaborating with

efforts of management of hazards in coastal areas, Their state

emergency plans may call the attention of state agencies and local
communities to areas of special vulnerability. Their technical services
may sharpen the work of local agencies .in preparing to deal with a likely
disaster. One way of focusing the the interest of local citizen groups
and officials on the existence of a natural hazard and possible ways of
‘coping with it is to identify a specific area as a potential disaster area
and to suggest the emergency measures that will be necessary when the .
disaster occurs. This may promote public awareness and indicate the lines
along which mitigation measures might ultimately move.

Most states have legislation, based upon the Council of State
Government's model State Disaster Act, which specifies emergency powers
- and may go further in disaster mltlgatlon. Thus, the Texas Disaster Act
of 1975, modeled after the Council's, shifted the state policy toward
minimizing and preventing damages. However, due to a desire to not infringe
on local governments, many actions are only suggested; local politics
may hinder the Act's effectiveness. '

The Defense Civil Preparedness Agency (DCPA) of the Department of
Defense is primarily responsible for civilian response to a nuclear
attack, but it is also concerned secondarily with the effects of natural
disaster. It could be useful in disseminating 1nformat10n about the
threat from and preparedness for such events.

W%erever the hasard of extreme natural events carries.the
Likelthood of severe damage to life or property, arrangements
should be made with the state emergency services agency for
designation of the area likely to be imvolved, and for the
preparation of plans for emergency action if and when the event
oceurs. In some areas it may be necessary to call the
vulnerable zone to the attention of the state emergency services
agency while in other areas it may be suffictent to vecognize
that the emergency plans aZready have been drawn.

In dealing with areas of high vulnerability to extreme natural events
‘ 1t should be recognized that the organization of a warning service and

the training of people to participate in evacuation or other activities

in response to warnings is one practical method of alerting the population
to the risk which they are running and to the severity of possible
disruption when an event occurs. A coastal zone management office may

be strengthened when the state emergency agency designs and repeats
disaster warnings and evacuation operations, and trains personnel in
agencies and citizen groups to respond to them..

Unless there is a preliminary plan for land use development at the
time that an extreme event occurs, long-term rehabilitation is not likely
to follow a pattern radically different from that which prevailed before
the disaster. The typical experience (as exemplified by the City of
Anchorage, Alaska following the 1964 earthquake) is that the town
rebuilds in the same location. However, in the case of Rapid City,
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South Dakota, following the flood of 1972, large scale methods of

rehabilitation were achieved in considerable measure because the city

had already undertaken a plan for redevelopment of the flood plain area
~ which had long been known to carry the seeds of disaster.

The success of Hilo, Hawaii in adopting open space uses after the
1960 tsunami may be attributed to a high level of awareness of the hazard,
relatively frequent tsunami occurrence in-the.area, strong state ahd
Federal leadership, development of a comprehensive reconstruction plan,
availability of .undeveloped public lands for the relocations and
availability of Federal funds (especially urban renewal) (see Marx, 1974).

3) Coordination with related Federal programs

In' coastal areas with a relatively high risk from extreme natural

. events, it may be helpful in advancing a program of land and water use
management to call to the attention of interested Federal agencies the
ways in which this vulnerability relates to their long~term missions.
Some of the direct linkages which may be taken inte account in preparing
land and water management plans are those which relate to the occupational
safety and health activities of the Federal government, the executive
policy with respect to occupation of flood hazard areas, and the appraisal
of hazards related to energy power installations.

‘Under the terms of the Occupational Safety and Health Act, the
Federal administration has responsibility for overseeing the location,
design and operation of industrial enterprises insofar as they carry the
possibility of exposing workers to occupational hazards. As of 1976 the
OSHA administration had paid relatively little attention to the implicatioms
of location of new industrial sites in areas of natural hazard, but this
may be regarded as a responsibility which will be examined with more care
- after OSHA copes with the more direct questions of accident preventlon
within industrial plants.

One aspect of the problem with which OSHA already has begun to deal
is that of the appropriate design of mobile homes which are highly subject
to damage from high winds, storm surge, and floods. Where mobile homes
are a significant part of the residential use of a hazardous area it may
be desirable to request that OSHA give consideration to the regulations
affecting the design, anchorage and installation of new units.

For each area vulnerable to extreme natural evente in
which economic development is in prospect a deseription of
the hazard should be presented to the regional Office of OSHA.

Executive Order 11296 requires all Federal agencies responsible for
construction or administration of grant, loan, or mortgage insurance
programs to give attention to the possibility of damage from fresh
water flooding in the construction, installation and modification of
Federal facilities in flood plains. The order reads as follows:
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Executive Order 11296

EVALUATION OF FLOCD HAZARD IN LOCATINC FEDERALLY OWNED .
OR FINANCED BUILDINGS, ROADS, AND OTHER FACILITIES, AND
IN DISPOSING OF FEDERAL LANDS AND PROPERTIES

WHEREAS uneconomic uses of the Nation's flood plains are
occurring and potential flood losses are increasing despite
substantial efforts to control floods; and

WHEREAS national and regional studies of areas and property
subject to flooding indicate a further increase in flood
damage potential and flood losses, even with continuing
investment in flood protection structures; and

WHEREAS the Federal Government has extensive and continuing
programs for the construction of buildings, roads, and other
facilities and annually disposes of thousands of acres of
Federal lands in flood hazard areas, all of which activities
significantly influence patterns of commercial, residential,
and industrial development; and

WHEREAS the availability of Federal loans and mortgage
.insurance and land use planning programs are determining
factors in the utilization of lands:

NOW, THEREFORE, by virtue of the authority vested in me
as President of the United States it is hereby ordered as
follows:

Section 1. The heads of the executive agencies shall provide
leadership in encouraging a broad and unified effort to
prevent uneconomic uses and development of the Nations's flood
plains and, in particular, to lessen the risk of flood losses
in connection with Federal lands and installations and
federally financed or supported improvements. Specifically:

(1) All executive agencies directly responsible for the
construction of Federal buildings, structures, roads, or
other facilities shall evaluate flood hazards when planning
the location of new facilities and, as far as practicable,
shall preclude the uneconomic, hazardous, or unnecessary
use of flood plains in connection with such facilities.
With respect to existing Federally owned properties which
have suffered flood damage or which may be subject thereto,
the responsible agency head shall require conspicuous
delineation of past and probable flood heights so as to
assist in creating public awareness of and knowledge about
flood hazards. Whenever practical and economically feasible,
flood proofing measures shall be applied to existing facilities
in order to reduce flood damage potential.

(2) All executive agencies responsible for the administration
of Federal grant, loan, or mortgage insurance programs E
involving the construction of buildings, structures, roads, or
other facilities shall evaluate flood hazards in connection
with such facilities and, in order to minimize the exposure
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of facilities to potential flood damage and the need for
'future Federal expenditures for flood protection and flood
‘disaster relief, shall, as far as practicable, preclude
‘the uneconomic, hazardous, or unnecessary use of flood

plains in such connection.
! .

t (3):All executive agencies responsible for the disposal
of Federal lands or properties shall evaluate flood hazards
in connection with lands or propertles proposed for disposal
to non-Federal public instrumentalities or private interests
and as.may be desirable in order to minimize future Federal
expendltures for flood protection and flood disaster relief
and as far as practlcable, shall attach appropriate
restrictions with respect to uses of the lands or properties
by the purchaser and his successors and may withhold such
lands or properties from disposal. In carrying out this
Paragraph, each executive agency may make appropriate allowance
for any estimated loss in sales price resulting from the
incorporation of use restrictions in the disposal documents.
, .

, (4) All executive agencies responsible for programs which
entail land use planning shall take flood hazards into
account when evaluating plans and shall encourage land use
dppropriate to the degree of hazard involved.

Sec, 2. As may be permitted by law, the head of each
executlve agency shall issue appropriate rules and
regulations to govern,the carrying out of the previsions
of Section 1 of this order by his agency.

Sec. 3. Requests for flood hazard information may be
addressed to the Secretary of the Army or,.in the case of
lands lying in the basin of the Tennessee River, to the
Tennessee Valley Authority. The Secretary or the Tennessee
Valley Authority shall provide such information as may be
available, including requested guidance on flood proofing.
The Department of Agriculture, Department of the Interior,
Départment of Commerce, Department of Housing and Urban
Development, and Office of Emergency Planning, and any
other executive agency which may have information and data
rélating 'to floods shall cooperate with the Secretary of the
Afmy in providing such information and in developing
procedures to process information requests.

t

-Sec. 4, Any requests for appropriations for Federal
construction of new buildings, structures, roads, or other
fac111t1es transmitted to the Bureau of the Budget by an
executive agency shall be accompanied by a statement by
the head of the agency on the findings of his agency's
evaluatlon ‘and consideration of flood hazards in the
development of such requests.

Sec. 5. As used in this order, the term "executive
agency includes any department, establishment, corporation,
or other organizational entity of the executive branch of.
the Government.

I11~-28



Sec. 6. The executive agencies shall proceed immediately
to develop such procedures, regulations, and information as
are provided for in, or may be necessary to carry out, the
provisions of Sectiens 1, 2, and 3 of this order. In other
respects this order shall take effect on January 1, 1967.

LYNDON B. JOHNSON

THE WHITE HOUSE
August 10, 1966

(F.R. Doc. 66-8838; Filed, Aug. 10, 1966; 12:14 p.m.)
A proposed revision of the order was under consideration in November, 1976.

A report from the General Accounting Office regarding national
attempts to reduce flood losses (GAO, 1975) indicated that Federal
' agencies have been less than diligent in some cases in complying with
the order.

Wherever there is prospect of Federal investment in a

- flood hazard area, the attention of the responsible Federal
agency should be called to the provisions of Erecutive Order.

11296 and a request should be made that it make an explicit
statement of the way in which it has complied with the order.

Decisions involving the construciton, expansion, or operation of
coastal energy facilities whether for exploration, development, production,
conversion, storage or transportation, require that the potential risk
to such facilities from natural hazards be evaluated. A detailed
statistical analysis of the potential risk to nuclear power plants from
technological accidents, nuclear accidents, and natural hazards, was
published in 1975 by the Nuclear Regulatory Commission Reactor Safety
Study (NRC, 1975)'

Whenever there is the possabzlzty of energy facility
development within the coastal area an assessment of potentzal
impact from natural hazards should be made.

Other linkages with the programs of Federal agencies may be
developed. These three examples are not intended to be a complete’
listing of the opportunities.

: The net effect of the recommendations presented in this Section is
to focus attention upon the role of natural hazards in arriving at
decisions about the use of coastal areas. State management efforts may
contribute to wiser adjustments to the risk of extreme events. In
turn, realistic appraisal of hazards and ways of dealing with them may
strengthen the programs to manage the nation's coasts.

.

I1I-29



REFERENCES
Baker, E.J., ‘A Longitudinal Assessment of Attitudes toward Hazard
Zone Repgulations. Technical Paper No. 2, Tallahassee: Florida

" Resources & Environmental Analysis Center, Florida State University,
1976+ ‘ : -

-5

Baker, E.J., "Some Problems in Evaluating Land Use Policy Alternatives,"

Proceedings»gi_ghg Association of American Geographers, 7, 32-36, 1975.

Baker; E.J., Toward an Evaluation of Policy Alternatives Governing
Hazard-Zone Land Uses. Natural Hazard Research Working Paper 28,
Boulder: Univers;ty of Colorado, Institute of Behavioral Science, 1976.
Barlowe, Raleigh, Land Resource Economics. Englewood Cliffs, NJ:
Prentice-Hall, 1972. ’

Bowden, M.J. and R.W. Kates, "The Coming San Francisco Earthquake:

After the Disaster" in Cochrane, et al., Social Science Perspectives

on the Coming San Francisco Earthquake Natural Hazard Working Paper

25, Boulder: University of Colorado, Institute of Behavioral Science, 1974.

Brown, et al., Natural Hazards of the Texas Coastal Zone. Bureau of
Economic Geology, Austin: Unlversity of Texas, 1974.

Cochrane, H., Natural Hazards and Their Distributive Effects. Boulder:

University of Colorado, Institute of Behavioral Science, 1975.
¢ : .

Ericksen, Neil, Scenario Methodology in Natural Hazards Research.
Boulder: TUniversity of Colorado, Institute of Behavioral Science, 1975,

Heberkein, Thomas, Prinéiplés gg‘Public Involvement. Prepared for the
National Park Service, U.S. Department of Interior, 1975.

Hebert, Paul J. and Glenn Taylor, Hurricane Experience Levels of Coastal
Countz Populations-Texas to Malne. U.S, Department of Commerce, NOAA,

NWS, July, 1975.

H111 M., "A Goals-Achievement Matrix for Evaluating Alternative Plans,"”
Journal of the American Institute of Plamners; 34, 19-29, 1968.

Howe, C., Benefit-Cost Analysis for Water System Planning. A.G.U.
Water Resources Monograph #2, American Geophysical Union, Washington, 1971.

Marx, Wesley, "Graceful Retreat from the Battering Ram of Hilo's Tsunamis,"
Landscape Architecture 64, 153-158, April, 1974.

Mathewson, C.C. and D. P. Piper, "Mapping the Physical Environment in
Economic Terms," Geology, November, 627-629, 1975,

McHarg, I., De51gn with Nature. Garden City, N¥: Doubleday/Natural
History Press, 1969. '

Nuclear Regulatory Commission, Reactor Safety Study: An Assessment of
Accident Risks in U.S. Commercial Nuclear Power Plants. Main Report
U.S. Department " of “Commerce, NIIS, PB 248 201, October, 1975.

111~-30



Rinehart, W., S$.T..Algermissen and Mary Gibbons, Estimation of Earthquake
Losses to Single Family Dwellings. U.S. Department of Interior,
U.S. Geological Survey Open File Report, 76-156.

U.S. General Accounting Office, National Attempts to Reduce Losses From
Floods by Planning For and Controlling the Uses of Flood-Prone Lands.
Comptroller General of the U.S. Washington, March 7, 1975.

-U.S. Institute of Water Resources, Structﬁring,Communications Programs
for Public Participation in Water Resources Planning. U.S. Army
Engineer Institute for Water Resources, Ft. Belvoir, Virginia, 1975.

)
White, Gilbert F. and J. Eugene Haas, Assessment of Research on Natural
Hazards. Cambrldge MA: MIT Press, 1975.

111-31



SECTION IV

~ HAZARD MANAGEMENT IN THE

COASTAL STATES



IV. HAZARD MANAGEMENT IN THE COASTAL STATES -

No state has thus far explored and tested the whole range of
legislative and administrative measures available for managing hazards
along its coast. Some states are far ahead in experimenting with con-

trol through land-use tools. Others are beginning to appraise the dptions
open to them.

- A summary review of the current management in each of the states
serves two major purposes:

1. Agencies and interested groups in each state can check
to see whether or not their appraisal of the occurrence, extent
and threat of each type of hazard is similar to that of natlonal
and scientific observers. :

2. They can learn whether or not other states are carrying
on activities which might be applied with benefit along their
own coast.

This will help put the individual state's conditions in national
perspective. And it will point out lessons which may be learned from
others. )

The current hazard management activities in the 30 coastal states’
are summarized in tabular and text form in this section. The section
does not pretend to be a complete and comprehensive report on all
activities now underway. Nor does it describe in detail the status of
hazard adjustment in each of the states. It does offer a succinect and
brief review of what is known about the existence of hazard from extreme
events along the coast, and an outline of the ways in which Federal,
state and local agencies cope with these hazards. The text reviews the
situation state by state and is supported by a table which gives more
details and reference to publications of special significance to that
state,

The reader wishing to obtain an overview of the natural
hazards situation in the coastal zone of any one of the states
is encouraged 1) to read the text; 2) to examine the tabular material;
3) to go to the more detailed sets of information in the references.

Some of the references are ‘included in the annotated bibliography,
principally those with broader applicability to national conditions.

It is possible to extract from the text and accompanying tables
an overview of:

Location of Vulnerable Areas — Which sections or types of coast

are estimated in national surveys to be prone to each type of
extreme event,

Character and Frequency of Extreme Events - Readily available

information pertaining to times and magnitude of occurrence
of each type of extreme event.
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Effects - Summary of available data on social and environmental
consequences of past events.

Future Susceptlblllty - Estimates of prospects for future damages,
including trends in amount and type of social effects.

. Responsiblé Agencies - Brief reference to major agencies at the
national, state, and local levels exercising responsibility for
some ‘aspect of hazard management in the coastal zone.

Legislativé Authorities - Institutional Arrangements - The chief
authorities under which these agencies act, and the insti-
tutional arrangements they maintain,

Adminigtrative Reguiations and Policies - Comments on the regulations
and policies which are followed by these agenc1es as they apply
to coastal hazards problems.

Wherever appropriate a reference is made to sources of information and
estimates. :
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ALABAMA

. There are 607 miles of tidal shoreline in the Alabama coastal zone
(U.S. Dept. of Commerce,’ 1971)% The Gulf of Mexico coastline includes

46 miles of sandy beach; bays and estuaries comprise the remaining .
561 miles,

. The Alabama coastal zone is subject to hurricanes, coastal erosion
and coastal flooding. ‘

Although a major hurricane has not hit the area directly since 1976,
the annual probability for a hurricane along parts of the Alabama coast
has been estimated to be quite high, at thirteen per cent (13%) (Simpson
and Lawrence, 1971), Hurricanes generally cause serious storm surge
and high wind conditions which in turn may cause coastal flooding and
erosion. In those coastal areas which are currently experiencing popu-
lation growth and increased development, erosion, accretion and sedimen-
tation may pose a menace,

. Flooding is another natural hazard of concern in the Alabama coastal
zone. Such flooding may be the result of storm surge conditions during
precipitation associated with storm or hurricane systems.

Table IV-1 shows the nature of the natural hazards in the Alabama
coastal zone, the measures available for coping with those hazards,
and the locus of authority and responsibility for employing those
coping measures,

The heart of natural hazard management in the Alabama coastal zone
lies within the Coastal Zone Development Act of 1976 which assigns the
Coastal Area Board to develop a comprehen31ve plan for management of
the coastal zone.

Although the Coastal Zone Development Act charges the Coastal
Area Board with developing a permitting program for Areas of Particular
Concern, the law does not specify criteria for designation, and the
Board has not yet developed.the standards.

Excessivé erosion areas will probably .be included in the Areas
of Particular Concern, but presently the main adjustment is structural.

*Shoreline figures include: shoreline of outer coast, offshore islands,
sounds, bays, rivers and creeks to head of tidewater or to a point when
tidal waters narrow to a width of 100 feet. These figures conform to
NOAA's definition of "Tidal Shoreline"  (U.S. Dept. of Commerce, 197}).
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ALASKA

With 33,904 miles of coastline (more than 4,000 of open beach) (U.S.
Dept. of Commerce, 1971), Alaska faces a set of coastal hazards unmatched
" both in intensity and number elsewhere in the United States.

- The Alaskan coastline is rimmed by some of the stormiest seas in the
world. Mountains rise directly from tidewater throughout much of southern
Alaska, so that hazards of the Alpine environment merge with hazards of
the coastal zone. The southcentral coastal region and the Aleutian Chain
are in one of the highest seismic risk zones in the world and include
gseventy-six volcanoes, several of which have had major eruptions during
this century. Given the dependence of Alaskans on the sea for much of
their livelihood and transportation, the proportion of population-at-risk
from coastal hazards will probably always be much higher in Alaska than in
other states.

Severe winter storms, often accompanied by icing conditions, are a
regular winter occurrence along Alaska's coasts, causing a hazard both to
navigation and to people and facilities ashore. Such storms contribute to
coastal erosion and coastal flooding problems. Coastal erosion is a
problem along the Alaska coastline, particularly along the western and
" Arctic coasts where much of the coastline is composed of unconsolidated
sediments of weakly lithified rock. Forty-six coastal communities report
severe to moderate erosion problems, either from wave or fluvial action
(U.S. Army Corps of Eng., 1973).

The flood hazard is also widespread along the Alaskan coast. Storm
surge, river overflow, and ice ponding, separately or in combination,
create flood hazards in numerous locatioms. Southern Alaska records
the heaviest precipitation on the North American continent. Riverine
flooding is inevitable under such conditions. :

The southern Alaskan coast is one of the most earthquake prone areas
- in- the United States, recording 714 quakes, an average of eighty-nine per
year, between 1965 and 1972. The largest recorded Alaskan earthquake was
March 27, 1964, with a magnitude of 8.4 to 8.6 on the Richter scale. It
took 130 lives and caused $300 million in property damage. There were
587 aftershocks.

Among the secondary hazards which were associated with the 1964 earth-
quake were rockslides, avalanches, subaqueous slides, local sea waves,
and a disastrous tsunami, seismic sea wave, which hit the coast approxi-
mately one hour after the initial earthquake and was responsible for ninety
per cent (90%) of the deaths, Although the 1964 tsunami received great
attention, many others have been recorded in recent time. The most
vulnerable regions are the Aleutians and the south central coast (Alaska
Dept. of Environmental Conservation, 1976). Landslides are commonly
triggered by earthquakes or heavy precipitation, both common in the
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Alaskan coastal. zone.

' Similarly avalanches may be triggered by seismic disturbances, and
the 1964 quake is said to have caused 2000 avalanches. Avalanches,
though typically a hazard in mountainous regions, also become a coastal
hazard in Alaska because of the iIntimate association of mountains and
sea. They are a function of slope and snow accumulation, and are often
triggered by sharp changes in temperature, by wind and by earthquake.
Avalanches tend to rum on established paths which can be identified by
the absence of large trees and by other evidence of scouring. Avalanches
are ‘especially large and powerful in southern Alaska because of the large

-scale of the topography and heavy snmowfall., While the potential for a
major avalanche disaster. exists, only eleven avalanche fatalities have
occurred in Alaska between 1950 and 1975 :

There are seventy-six known volcanoes in a 1600-mile arcuate zone
stretching from Mt. Spurr on the west side of Cook Inlet near Anchorage
to Attu Island at the western end of the Aleutian Chain, plus several
located outside this zone, During 200 years of recorded Alaskan history,
250 separate eruptions have occurred at thirty-nine volcanoes, the most

-violent being the 1912 eruptions of Katmai and Novarupta whlch damaged
buildings, crops, and other vegetation at Kodiak, with traces of ash
falling in Juneau, 750 miles away , (Alaska Dept. of Environmental

- Conservation, 1976). The greatest threat from volcanoes in the coastal
zone is that of mudflows and sea waves which may be generated by the
volcanic activ1ty.

Table IV-2 shows the nature of the natural hazards in the Alaska
coastal zone, the measures available for coping with those hazards, and
the locus of authority and responsibility for employing those coping
measures, Local governments possess adequate>authority to control land
use, but are not compelled to do so. At present, no legislative authority
exists for shoreline management at the state level. Hazard management is,
at best preliminary, concentrated primarily at the inventory level..
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CALIFORNIA . - . .

., California's coastal zone consists of 3,427 miles of shoreline,
and includes parts of fifteen counties (U.S. Dept. of Commerce, 1971).
Physically it 1ncludes rocky beaches, tall cliffs, sand dunes, forests,
lagoons, swamps, marshlands, and tidal coves,

California's coastal zone, while geographically blessed with
abundant diversity, also is afflicted by an abundance of natural hazards:
earthquakes, tsunamis, landslides, coastal erosion and coastal flooding.

Earthquakes are a threat all along the fault-ridden coast of

~ California, numerous minor and several major disturbances having been
recorded during the past century. The secondary effects associated
with earthquakes: fires, destruction of dams and resultant flash flood-
ing, present serious hazards of their own to the heavily populated
_coastal regions. -

Earthquakes generated deep beneath the Pacific Ocean or along the
. coast itself may result in tsunamis, sea waves, which can cause
considerable property damage and loss of life, The area south of Santa
Barbara is prone to tsunamis generated by seismic disturbances on land.
Further north, Crescent City has suffered considerable damage seven
times within the last decade as a result of tsunamis generated by
distant submarine disturbances.

Coastal erosion, a problem along approximately 1/5 of California's
shoreline, is deemed critical for approximately 4-1/2% of the coast-
line-or 154 miles, Coastal flooding is also a serious hazard along
the coastal zone of California., Numerous mountain streams drain the
coastal zone to the ocean. During severe winter storms, heavy rain and
strong w1nds may combine to cause serious flooding of these streams
and damage to coastal property. Historically, many lives have been-
lost during such perlods of severe c¢éastal flooding (U.S. Army Corps
of Eng., 1973b).

Landslides occur throughout much of the California coastal zone
due to the instability of the prevailing geologic structures, the steep-
canyon topography of the coastal ranges, earthquake ground shaking, and
man-caused changes, such as cuts and fills on steep slopes. Fast mud-
flows, a natural phenomenon associated with steep topography, sparse
vegetative cover, and torrential precipitation, are aggravated by fire-
caused losses of stabilizing ground cover.

Table IV-3 shows the nature of the natural hazards in the California
coastal zone, the measures available for coping with those hazards,-
and the locus of authority and responsibility for employing those
coping measures,
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The ‘¢entral coordinatlng mechanism for hazards management in the
'Caﬂifornia coastal zone has been' the California Coastal Zone Conserva-
tion Act of 1972. This Tegislation established a temporary state
commission to prepare a state coastal zone plan, as well as six regional
coastaf Comiiiss10ns to recomiiend elements of the state plani and to
administer an interim permit program, for which the state: commission
would Servé as a board of appeals. This permit program required that

a permit be obtalned for virtually any kind of land use, building,
pollutlon discharge or dredging and filling within 1000 yards of the
shoreline and was a stop-gap measure to hold: ttie Iine until the state
coastal zone. plan could become operative. A large proportion of the
permit applieatlons submitted wére approved, with or without conditions,
but the program has exerted a substantlal Shaping force upor: coastal
zone development during its four year 1ifé span.

Successor legislat1on was enacted by the California legisldture in
August 1976. The California Coastal Act of 1976, in general, adopts many
of the prov151ons of the state coastal Zone plan, creates a permanent
state coastal zone commission, éxtends temporarily the life and permit
duthority of the régional commissions, and requifes all units of govern-
ment possessing authority for land ise planiiing and control to bring
thelr prograis into conformity with the state coastal goals and guide~
l1nes of the Act. When this latter objective has been accomplished, or
by June 30, 1979 the regional commissions dand the interim &tate permit
program will go out of existence. Thereafter, permits for developments
in the coastal zone would be issuéd b¥ local govermments, under approved
programs; of by the State Commissiofi:

Many of the basic provisions of the Californ1a Coastal Act wete
1nsp1red by the successful cofiservation afid planning efforts of the
Bay. ConServation and Development Commission (BCDC). The BCDG was
establishéd in Sah Francisco in 1965 for preservation and planning.of
the Bay Shoré aréa and eventually ekteiided such efforts to the area's
océan coast; as well (Scott, 1975). BCDC has a very sopliisticated
hazards analysis procedure including a staff reglstered Engineering
Geolog1st and an interdisciplinary panel of some of the most distin-

guished earth science people in the U.S: (Schicop, 1976):
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CONNECTICUT

: The Connecticut'tidal shoreline is approximately 618 miles in length
including peninsulas and islands (U.S. Dept. of Commerce, 1971).

. Physically, the Connecticut shoreline has many rocky headlands, coves,
and islands created by the southerly movement of glacial ice. These are
‘interspersed with low-lying beaches, coastal wetlands, and low=-lying coastal
floodplains. These areas are highly susceptible to erosion and storm '
damage. Hurricanes moving in from the south and northeasters have caused
econsiderable flooding and erosion damage., Coastal flooding from inland
storms causing tidal surges in major rivers flowing into Long Island Sound
1s also a serious problem in Comnecticut. The flood of record was on
August 19, 1955 when 12.12 inches of precipitation were recorded in
Hartford, Connecticut.  That flood caused estimated damages of $362 millionm,
of which $15 million occurred along the Connecticut coast (North Atlantic
Water Resources Study Coordinating Committee, 1972).

Often overlooked as a potential coastal hazard in Connecticut is
earthquake. A major (VIII modified Mercalli intensity) earthquake did
occur in 1792 in East Haddam.. (U.S. Department of Commerce, 1973).
Earthquakes continue to occur and the possibility of significant damage
" from a major earthquake should not be discounted for the Connecticut
coastal area.

Table IV-4 shows the nature of the natural hazards in the Comnecticut
coastal zone, the measures for coping with those hazards, and the locus of
authority and responsibility for employing those coping measures.

Thé Connecticut Coastal Zone Management office is located within the
.Department of Environmental Protection as an independent unit.

Connecticut has a number of legal tools with importance for the
Coastal Zone Management program. Most important of these is the Tidal
Wetlands Program which requires a state permit for disturbance of "areas
which border on or lie beneath tidal waters, such as, but not limited to
banks, bogs, salt marsh, swamps, meadows, flats, or other low lands
subject: to tidal action." This broadly inclusive program is potentially
supplemented by state encroachment line authority although this has not
yet been applied to coastal areas, Both of these laws specify flood
hazards as a consideration in the review of permit applications. Nearly
all coastal wetlands have now been mapped and recorded for regulatory
purposes. These statutes virtually constitute a coastal zone management
program’ for the state's coastal wetlands. Local towns may not adopt
coastal wetlands regulations different from those of the state
(Lauricella v, Planning and Zoning Board, 1974).
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DELAWARE

Delaware 1s a small stage with a disproportionately long coastline,
Approximately 548,000 people (U.S. Dept. of Commerce, 1972) live in an
area of 1,983 square miles with a 381 mile tidal shoreline (U.S. Dept. of
Commerce, 1971). No part of the state is more than eight miles from tide-
water. Along the south coast, sandy barrier island beaches and spits
protect 120 miles of tidal wetlands. Further north lie 120 miles of
tidal wetland, meadow and mudflat shore giving way to thirty-six miles
of rock and gravel shore fringed by tidal marsh.

. Coastal erosion is the pre~eminent natural hazard. Together with

. wetlands preservation, they constitute the state's first priority

coastal zone management problem. Erosion is caused primarily by winter
storms and occasional hurricanes, although navigation and shore protection
structures are contributory factore. While twenty-six storms and hurri-
canes struck Delaware between 1952 and 1973, they did not occur on a
regulﬁr basis (e.g. 13 between 1970 and 1973) (U.S. Army Corps of Eng.,
1971c). - .

With the exception of a one mile reach south of Indian River Inlet,
erosion is critical along the entire ocean and bay coasts. Shoreline
recessions vary from three to ten feet per year on the ocean and three to
twenty feet per year on the bay. Flooding associated with coastal storms
and hurricanes is an infrequent but sometimes serious problem throughout
the coastal zone. For example, in March 1962 a winter storm was accom-
panied by a record tide of 7.9' (3.8' above normal), and waves in excess
of twenty feet. Seven deaths occurred and between $16 - 22 million (1962
dollars) worth of damages were sustained by residential, commercial and
public facilities, dunes and farm land. More than 10,000 acres of crop
land were flooded for five days. Wetlands were damaged and wildlife
destroyed by salt water intrusion, debris and sediment. In December,
1974, a northeaster with ten to twelve foot waves and tides four to six
feet above mean sea level, caused damages in excess of $3 million along
the coast.- This storm also compelled evacuation of 800 people (Del.
State Planning Office, 1975). Hurricane Belle (1976) resulted in similar
evacuation but no heavy damages.

Table IV-5 shows the nature of the natural hazards in the Delaware
coastal zone, the measures available for coping with those hazards, and
the locus of authority and responsibility for employing those coping
measures,

At the heart of hazards management in Delaware are the: (1) Coastal .
Zone Act (1971); (2) Wetlands Act (1973); and (3) 'Bedch Preservation.
Act (1972). :

The Coastal Zone Act and the Wetlands Act utilize permit systems to
regulate growth in the coastal zone and tidal wetlands. The State
Planning Office is responsible for administering the Coastal Zone. Management

Iv-19



Program in Delaware. The Department of Natural Resources and Environmental
Control (DNREC) issues permits regulating development of wetlands. Actual
implementation of land use regulation has been delegated to the county
and municipal g@vernments - .

The state alloWs but does not direct, local ggvernments to adopt
and administer zoning ordinances, subdivision control regulations,
buildihg codes and official maps. At present only one county has
established a comprehensive planning department with zoning and subdivision
regulations and requires permits for construction. Two others have passed
enabling legislation for plamming and zoning. '

’
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Elarida has a tidal coastline of 8,426 miles with many divergent

' physimal characterisrics  (U.S. Dept. of Commerce, 1971). Generally,

- howewer, the coastal areas are flat plains less than 100 feet above mean
fea level. Alwost all of the more populated urban areas are on the coast
aad are, therefore, vulnerable to damage by the coastal zone's natural
-hazards. This vulnerability has been increased by the proliferation of
'%redge and £i11" development in estuarine areas.

The majop hagard concern in Florida is hurricanes and the probabil=-
ity of landfall gffects varies greatly around the state. The western
part of the panhandle, and some southeastern parts of the peninsula,
have a sixteen per cent (16%) annual probability of a hurricane landfall.
However, the northeastern part of the state faces only a one per cent (1%)
probability of an event (Simpson and Lawrence, 1971).

. There are extremely dense population concentrations along some areas
of the coast, with inadequate evacuation routes. The average population
growth between 1960 and 1970 for the coastal area of the state was seventy-
nine per cent (797), but some areas more than tripled in number of residents.
More than three out of four coastal residents have never experienced a major
hurricane (Herbert and Taylor 1975). -

A second, though less serious,-hazard in Florida is coastal erosion,
with five per cent (5%) of the coastline experiencing critical problems
(U.S, Army Corps of Eng., 19733). This 18 a continual process which
ie aggravated by hurricane storm surges and winds.

Non~hurricane flooding, although it does exist in the Florida coastal
zone, 18 not considered a major problem.

Table IV-6 shows the nature of the natural hazards in the Florida
coastal zone, the megsures for coping with those hazards, and the locus
of authority and responsibility for employing those coping measures.

The state has only two regulatory measures dealing with land use
and hurricanes. One is a coastal setback line, and the other 1is a
requirement that mobile homes be anchored (which in practice is not
strictly enforced). An executive order has been issued directing the
State Division of Disaster Preparedness to review and recommend state
hazard-zone land use control legislation. The Florida Land and Water
Envirommental Management Act, which has designated certain keys and
swamps slong the coastline as areas of Critical State Concern, does not
provide for consideration of susceptibility to natural hazards as a
criterion for designation. The Bureau of Coastal Zone Planning and
Management does technical mapping and planning studies for various
coaBtal area® and serves as a lialson to the regional planning councils.
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Municipalities (cities, villages and incorporated towns) and counties
have broad zoning and subdivision authorities. The State "Critical Areas
Act" authorizes the state to designate areas of critical environmental
concern (including flood areas) and to establish standards for local
regulations in such areas. Local units must adopt regulations meeting
state standards or the state will .directly regulate these areas.

Miami authorities, in recognition of the potential catastrophe that
failure to evacuate population from low-lying areas would cause, have
developed a "vertical evacuation" plan. The concept uses multi-story
buildings (which meet certain structural standards) as temporary shelters
for evacuees. A law was passed by the state authorizing the governor to
commandeer property for such use in an emergency. In addition, south
Florida govermments have adopted a more stringent building code than the
Southern Standard Code. Sanibel, a fast growing island city on the west
coast of the peninsula (with one causeway to the mainland) has acted
to avert evacuation crises. The Sanibel comprehensive plan takes
evacuation capability into account and calls for a cap on population.

'The principal piece of state legislation dealing with coastal erosion
is the Beach and Shore Preservation Act, administered by the Bureau of
Beaches and Shores. The Bureau is charged with establishing coastal
construction setback lines in each county. Several variables are taken
into account, hurricane storm surge; maximum wave uprush, bathymetry,
and erosion trends., Any construction or excavation project seaward of
- the line must obtain a variance from the Department of Natural Resources
(the Bureau's parent agency). Some local governments have their own
ordinances for dune protection, but the main adjustment practice (other
than the setback law) is structural protection.  The Corps of Engineers
has a number of beach restoration projects underway or under study.
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GEORGIA

The 2,344 mile tidal coastline of Georgia consists of both marshland
and sand beaches, the latter found exclusively on barrier islands (U.S.
Dept, of Commerce, 1971), For planning purposes, eight counties comprise
the landward study area,. o

The principal hazard in the coastal zone 1s hurricane with accompany-
ing high wind, storm surge and tornadoes. Although Georgia has escaped
substantial damage from hurricanes in recent years, some areas have a
seven per cent (7%7) annual chance of a landfall (Simpson and Lawrence
1971). Georgians are unaware that Savannah was almost destroyed by an
extremely large hurricane in 1893. Between 1960 and 1970 the coastal
population of Chatham County (which includes Savannah) quadrupled.

Coastal erosion, the second major natural hazard in Georgia's coastal
zone, is a continual process which is exacerbated by hurricane storm
surge and winds. Of the approximately twenty-one per cent (21%) of the
coast undergoing erosion, three per cent (3%) is termed critical (U.S. Army
» Corps of Eng.; 1973a). Major erosion problems occur on several of the
barrier islands, including Tybee Island and Jekyll Island.

Further hazards exist in the Georgia coastal zone and should be. taken
into dccount in plamning. River and tidal flooding can be major problems
when associated with hurricanes, and occasionally occur in the marshlands
and low-lying coastal areas. -‘Another, although infrequent hazard is
earthquake. An earthquake of moderate (VIT on the modified Mercalli scale)
intensity did occur at Milledgeville in 1872 and the possibility of an
event of greater magnitude should not be discounted.

Table IV-7 shows the nature of the natural hazards in the Georgia
coastal ‘zone, the measures for coping with those hazards, and the
locus of authority and responsibility for employing those coping measures.

There is little legislation at the state level designed to restrict
the use of areas prone to hurricane damage. The principle long term
adjustments are local compliance with FIA land use regulations, Corps of
~Engineers protective structures, and, to some extent, local enactment of
erosion and sediment control regulations as required by the Erosion and
Sedimentation Act of 1975. This Act requires local governments to pass

legislation designed to abate erosion and sedimentation caused by land
disturbing activity. Glynn County and the municipality of Savannah Beach
have gone further, enacting a beach and dune protection ordinance.
Essentially the law utilizes a setback-procedure, with permits requlred
for construction seaward of the line.
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HAWATII

Hawaii's has 1,052 miles of tidal shoreline (U.S. Dept. of Commerce,
1971). Most of the population and nearly half the land are within five

' .milea of the ocean.

The state is faced with the threat of numerous natural hazards:
coastal flooding, eroslon, earthquakes, volcanic eruptions and tsunamis.

Coastal flooding may occur as a result of wind driven. waves or of
fresh water floods. There are five types of wind-driven waves which
cause coastal flooding in the islands; winter swell and Kona are the most
hazardous. The winter swell generates waves from fifteen to thirty feet
high and is common from October to May. FKona storms occur about once a
year and usually result in waves from ten to fifteen feet high. During
the past decade, nearly $2 million in damage has been caused by storm
waves  (U.S. Army Corps of Eng., 1975).

Coastal flooding as a result of inland river flooding 18 also a
hazard within the coastal zone. . The severity of fresh water flooding
has heightened as development in the upper portions of Hawaii's flood=-
plains has caused increased rates of erosion. Floods caused twenty-two
deaths and $13 million in property damages between 1950 and 1975. Small
water sheds and highly permeable volcanic rock make the islands extremely
susceptible to flash flooding. Since there is so little surface run-off,
stream channels are short, poorly defined, and thus subject to overflow
during heavy rains ’(U S. Army Corps of Eng., 1975).

Erosion is a contlnual problem along the Hawaiian coastline. Its
effects are, of course, heightened by ‘tsunami and storm surge. Approxi-
mately three per cent (3%) of the coastline is said to be critically
. eroding (U.S. Army Corps of Eng., 1973c).

Earthquakes and volcanic action are frequently tied together
within thé Hawaiian coastal zone. Most Hawaiian earthquakes are
triggered by the movement of magma, although the large ones are gener=-
ated by tectonic or crustal movements. Thousands of earthquakes usually
.precede. and accompany volcanic eruptions, but few are large enough to
be felt. Ten earthquakes exceeding 5.3 (Richter scale) in magnitude
have occurred since 1925, six on the Big Island of Hawaii and four from

faults on the ocean floor. The Hilo earthquake of 1973 (magnitude 6.2
Richter scale) caused damages of $6 mlllion (Ayre, 1975),

Volcanic eruptions in Hawaii are usually of the shield building
type and result in highly fluid lava flows containing little gas. Later
" stage eruptions contain more gas and are thus more explosive than those
of the shield building stage. Lava generally travels between ten and
1000 feet per hour, but flows can exceed five miles per hour and be
extremely destructivée to coastal areas. Mauna Loa has been active 6.2 per -
cent. of the time, erupting once every 3.7 years on the average over
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historic time. Kilauea has been active sixty-two per cent (62%) of the
time, but most of its activity is confined to the caldera. Lava flows
are a threat to Ka'u, South Kona, the City of Hilo, and Puna, where much
land is zoned for residential development. The 1960 Kapoho flow caused
nearly $5 million in property damages, destroying the village and
-covering beach lots with lava. Coastal subsidence associlated with
volcanic activity has also been a problem on Hawaii, particularly at

" Kalapana (Warrick, 1975).

Another natural hazard associated with seismic activity is tsunami,
large sea waves, associated with stfong-earthquakes and generated by impul-
sive disturbances. Of the thirty-one tsunamis which have struck the islands
during historic time, eight have caused moderate to heavy damage. His-
torical evidence suggests the northern shores have been most severely af-
fected. The Hawaiian Islands are vulnerable to tsunamis generated in North
and South America and also to less frequent, locally generated tsunamis.

Table IV-8 shows the nature of the natural hazards in the Hawaiian
coastal zone, the measures available for coping with those hazards,
and the locus of authority and responsibility for employing those
coping measures.

Management of the Hawaii coastal zone is shared by several
authorities which maintain overlapping jurisdiction within the coastal
zone. The counties have authority (special interim controls) under the
1975 Shoreline Protection Act to create special management areas around
entire islands, extending inland from the shoreline at least 100 yards,
and share Qontrol over agricultural areas with the Land Use Commission.
The State Department of Land and Natural Resources retains control over
conservation land. The State has jurisdiction over the offshore waters,
from the shoreline (upward reach of wave action) seaward to the three
mile limit, which have been designated for transportation as well as
conservation, County authority is also tempered by the 1974 Hawaii
Environmental Policy Act, which requires that an envirommental impact
statement be submitted to the Office of Envirommental Quality Control
for any proposed development extending from the inland edge of the county
setback zone to the offshore waters (300 feet). County setback restric-
‘tions extend from a minimum of twenty feet to a maximum of forty feet
inland from the shoreline under the 1970 Shoreline Setback Law. Agencies
are given standing to intervene or appeal under the State Administrative
Procedures Act.

State assistance in the mitigation of natural disasters has
encountered much less resistance from county agencies. Historically
focused on communications, warning, relief, and education, state efforts
also fulfill civil defense objectives (Hawail Revised Statutes, Chapters
127, 128, 171, 209, 234 & 385). Responsibility for structural measures
and land use controls were delegated to the counties under zoning
provisions (Hawaii Revised Statutes, Chapter 46). Recent federal re-
quirements for coordination under the Coastal Zone Management and
National Flood Insurance programs have widened. the potential for both
cooperation and conflict in the realm of mitigating natural hazards.
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ILLINOIS

. Illinois has a ‘shoreline of only fifty-nine miles on Lake Michigan.:
Most of the Illinois shoreline in Chicago and Evanston is artificial
landfill protected by such measures as revetments, breakwaters and
rip=rap. From Wilmette to Winnetka the shoreline is characterized by
low bluffs, while from Glencoe to Waukegan there are high bluffs averag-
ing up to eighty feet in height and cut by ravines tributary to the
Lake. These bluffs, particularly those in the Village of Lake Bluff,
have experienced extreme erosion due to unusually high water levels in
Lake Michigan, heavy winter storms, inadequate shore proﬁection, and

the weakening of bluff faces from subsurface drainage. Further north,
-in the Illinois State Beach Park, the bluff is inland and recent dune
formations are being rapidly eroded. ‘

Erosion is clearly the“majorﬁnatural hazard within the Illinois
coastal zone. Coastal flooding and wave attack presents a second hazard
concern. ’ : ‘

- Table IV-9 shows the nature of the natural hazards in the Illinois
coastal zone, the measures for coping with those hazards, and the locus
of authority and responsibility for employing those coping measures.

The Illinois Coastal Zone Management Program is part of the

Division of Water Resources within the Illinois Department of Transpor-
~tation. The Division has jurisdiction over all Illinois waters,

has authority to issue permits for structures and fill, to regulate
encroachment upon those bodies of water and control the location and
design of structures in the flood hazard areas. The Division has
developed proposed regulations for the exercise of this authority in

the flood-induced erosion hazard area. This authority will be confirmed
. in comprehensive. State coastal legislation to be introduced by the
Illinois Coastal Zone Management Program in February, 1977.

Principal jurisdiction landward of the water's edge lies in the
thirteen municipalities which share the coastal zone; the state presently
has no powers to review municipal decisions on land and water use, The
new.legislation will create a joint state-local administrative system
for the Illinois coastal zomne and enable municipalities to effectively
control erosion and flooding hazards in accordance with guidelines and
criteria contained in the State legislation (Wise, 1976).

Iv-32



*882-€6 Td
30 [oT ‘o8 lopun afqyeuvcdesy

*SuUFeTd pPoOj ®|yil U UCEIINIISROD
Lue 1oy saywrad o9nsst LB

fujnozdmy yo soeem arqedsFIvead jo
JusupEassE 531wI0dI090T YITUA Lpnig
9T9AD] I93EA SOYE] 3I9SIH UINRIAapuf

TE *3°y @ag

*({5.61 -ddug) ‘pepusuw sw
“(096T) 8 ‘U ‘I-% T0L *99S ‘S°D°'S°nN

bsoye1 1m@an InoySnoays Toalwod pootry -

*Suruuerd Tenoyfsa eajwvuayeadoo]

*suegd l03lsESTp
1eD0T 23°UFpI00D fuwyd seaupsxwdaid
IAI8CSTP IIWIE B UTLIUFOW § IFeIg

*smeaford jusmaBeusm
o8n pusy 3 “sepod BuIprIng ‘ssujl
198Q398 ‘sadupuUrpio FUIUOZ YSFEQEILE

LES:EY- rzu uyg3TA suferd poory
2uyFeqd  “(ZL6T) IPV IJucmasevuvy 2u0Z
18318200 's*n a0y L>usfe RBoyjsupproo)

* 2233 TOIo)

Buypuwig ouoz TEIceo) BIA 9Swvawp
aioys o3 FuyieTed SITITATIOR
23IvI8 IO MATIFCIRIACOD PIITUY]

MU L g
3IWIIH U STIAST I33es Jo [0AIN0DH

+sdew g9ie auoad-pooyy savdeig

*33Y¥ ToTINSIoad
23880Fq POOT § VIAN I0ISTURMRY

*83IN3I0NII6
TO33WeT PEOTF IDNIILUGT §
wetd ‘smaTqoad pooT3 Teiemod Apnas

vOTESTMINY Suyuuriyg
SFOUTTTI WisasesyiIoN

Louaty
I23EBETQ § FDTAAIS
£oualiomg eTouyTl

§jusunIancy IR0

ga0aN0say

133mN 3O UOTSTAIQ
Juoyivazodsuray
Jo iadag 8yourlTl

uOTs s WO
ufseq saye] Jgaln

pasog STIAT
89ET 16319 /u0OTs8TUI0D
Juror TPUOTIFUIBILY

Laaxng
TE2180T08) “s5°A

TOTIBXISTUTWPV
@ouzansu]
Teadpad °5°n

sassuydug
30 8dao) £wxy °"S'n

'£ITTIQRIAUTNA
uassa] pinos
81UIW3A0IIWT

s8euypip ueqan
rderiapun Apnis
Burpoory weqIn

“fyaedoad
arqeasuTna o3 sfeweq

96 *3@y ess

*8uppeoll ueqan uy Sujarnsex

*330UN1 PYIIISULIUY SEY

ureTd poolj jo jusmdorIaeg

*L3TuraTA
JswnTe] I9RET
uy g jied a3eds
yoveg STOUFITI
2yl up 3uTpooTy
aaysuaIxy

seaie aSwutexp
ueqin ‘sueeiis
Trews  *15800
3o suorzoes
PeRZITED0T

uy piEzEY I0UTH

$urpooT |
1eI880D)

9§ "Iy 9wy

“JUTPOOTI TRIEROI 103
v awes ay3 92 e3puyy ITeIoA0n

‘(GLe1 *ddng) ..c,»v:wﬁn se
‘(0961) B ‘G *I-® I0{ ‘235 ‘§°3°S°Q

.mﬂuﬂiﬂn Teaor8e1 aarsuayaidmogy

*(ZL6T) 30V JmsmaBeumy auag
1238BOY *§°N A0F AdusBe Sujpjeurpaco]

.*eweafoxd jusmaleucu
@8N pue] § *Sapod Fuppyynqg *‘SIUFT
AowqIas *gooururpio Suyuoz ysFrqEIS]

" SUOTIWPUIWODII
Ko7T10d @epyacad isatpmis
UOTIVIUSWIPIE ¥ UOPSOI SIdINPUO)

+3913FWmo)
Suypuwig auoz feIses) ®WEA sReuwp
o10ys 03 Fupie[es SI[ITATIOE
91718 JO UOTIBUEPIOOD PAIFuy

*saqe
39319 GF [eAe[-J918A JO TO13U0)H

cU0YSOIS PaRIS[eVIV WO
go8ewep 3su1ede 9IUBINSUT TrISpe]
s9p¥ac2d 30V UOTIVV01g POOTA EL6T

*s31n3onIle
1013U0T BOTEOXI JINIISUCD ¥
uprd ®smaTqoxd woTsoad [elsEOd Apnig

TOFEFTWDO) BUFUUELJ,

STOUTTTT UIIISEIYIION

gad3nosay

2238M JO-UOTETATQ
/uorieizodsueiy
30 *3deg sroulnil

2UIWMIIACH TEI0T

Lasang Teor80T0?)
23eIS EFOUTITTL

uo¥SE TUO]
ulseg SaWET 1BAlH

pasog STAT
9%e7 2ED1H/UOTSS IO
Jutef [EBUOTIPUIAITY

uotIRIISFUTEFY
asupinsal
IBiepag “S°n

sa3auTiuy
Jo edaog Lwmay *S'p

“gemoy
aiow isBoepus
TT1¥a asaea Y3y
ponuiiue) *Ealw
8uppois AyTesyITas
s3TW] SBANIINAIS
aatidsioad

3O 98N aaysudIxXg

QL 39y 238
“UOTTITM £LT§ PIOOXD
. SL6T-7L6T poriad
283K ¢ 103 sofeweq

*STIAST

YRl YySFY 3USAIND WOIF
uorsols £q palefuepua
£13uesead samoy (T

IS "¥9Y P25 ' (seniea
OLET) UOTITF® ¢-LI§-
‘1a3ea YITY ZG6T
-TS6T Buranp safemeq
*axoys uo -3z ‘spEcl
‘sBuTpIIng ‘s3yznTq
‘soyoeaq o3 eBrweq

"3oy @9
~8TOUTTII 3v Ie2d 1ad *233y QT
*jagqd II8IS STOUTTTT 218 Ie9L
1ad

1¢ "39Y @3
y8yy ‘smaocis Kq pajpisTaddy

0L v 3oy
[BE  *3INIE Aa¥e] e sieak
11 uT 3sof 31897 g 02 dn
) 95
*19P10q UTSUODISTH

*3J T :893°1 pajewfisy

“STaA2T Iaiem

*3TqEILTRA
380W $ISEAD UOTZ
¥ 182104 Sye

*pazvaload
a0 olqezs
¥R uUocISOId
TEITIFIO Z9T
*sITIL 6§ “IBEOD .
uefTyoTL T
~ maae oZeoTUD

uoTsOAT
Tel8E0)

STIITTOd X
@V SNOLIVIAY BATIVELSINIWGY

SINTHAONVENV ‘TYROILNLLISNI
STILTEOKINY AATIVISIONT

- SALINAOV
ATSISNHOASEH

A17119114338NS
WNLNE

SL)AAAA

SLNEAZ TALIXA 40

AONANDIE ONV JAIDVIVAD

SVIEV
ATEVEEANIOA
A0 NOIIVIO1

dN0Z TVLISVOD SIONITIL FHI NI

ANTHADYNVI QIVZVH ‘IVMALYN

6~AT ATAVY



INDIANA

The State of'Indiana has a relatively small shoreline in compar-
- ison with most other coastal states, approximately 45 miles in 1ength.

The Coastal Zone Planning Region is located in the northwest
corner of Indiana and reaches from Illinois on the west to Michigan
on the east, Lake, Porter, and LaPorte counties have jurisdiction
within this zone,

Coastal erosion is clearly the dominant natural hazard in the
Indiana coastal zone, and floods pose a rather minor, secondary
threat. Of the approximately fifty per cent (50%) of the Indiana
shoreline that is eroding, the Corps of Engineers estimates that
28.97 of thils erosion is critical, and 21.3% is of a non-critical
nature (1971a). Almost all of this erosion is taking place along
~ the eastern half of Indiana's Lake Michigan coast. The western half
is heavily protected by man-made structures.

Flooding, although a minor problem along the coast, still
presents a matter of some concern, particularly as the flood plains
of small streams come under increasing development.

Table IV-10 shows the nature of the natural hazards in the
Indiana coastal zone, the measures avdilable for coping with those
hazards, and the locus of authority and responsibllity for employing
those coping measures.

The Indiana State Planning Services Agency (SPSA) was designated
as the state agency to receive grants under Sec. 305 of PL 92-583,
the Coastal Zone Management Act of 1972, and to administer the state's
Coastal Zone Management Program. Its function in this role is mainly
one of coordination. The agency was created to assemble and make
available information relative to the resources of the state, and to
cooperate in the preparation of resource development plans,

The other major agency with responsibility in the coastal zone
is the Indiana Department of Natural Resources (DNR) which has
responsibility to collect and analyze physical data relative to the
coastal zone.

Cities, counties and incorporated towns all have general zoning
and subdivision enabling authority. A master plan must be adopted
by these govermmental units before subdivision regulations are
enforced. The state has minimum rules for development in flood ways
and broader flood hazard areas, but local govermments may enact
stricter regulations if they choose.
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LOUISTANA

The 7,721 mile Louisilana tidal coastline is characterized mainly
" by marshlands, although sand beaches do occur on some of the barrier
. islands (U. S Dept. of Commerce, 1971).

Hurricanes with accompanying high winds, storm surge, and tornadoes,
pose the greatest threat to the coastal area. The annual probability
of occurrence along the Louisiana coast varies from six to thirteen
percent. (6-13%) .(Simpson and Lawrence, 1971).  The extremely flat relief
and low elevation of much of the coast exposes large areas to hurricane
flooding, This condition contributed to the 400 deaths and $200 million
damage in Cameron Parish in 1957 (U.S. Army Corps of Eng., 1975).

Coastal erosion presents another hazard in the Louisiana coastal
zone. Although eighty per cent (80%) of the shore is eroding, only
two per cent (2%) is eroding at a critical rate (U0.S. Army Corps of
Eng., 1973a)." The barrier island and delta areas are particularly
vulnerable.. :

Table IV-11 shows the nature of the natural hazards in the
Louisiana coastal zone, the measures for coping with those hazards, and
the locus of authority and responsibility for employing those coping
measures., |

Aside from local compliance with Federal flood insurance regula-
tions, there is little legislation to control the development of
hazardous areas. The principal adjustment 1s an intricate and
extensive system of levees, which 1s still not complete., Some cities
are literally encircled by leéevees; some are designed to keep bayous or
rivers in their banks, and others to keep tidal and hurricane flood
waters out. This situation creates a drainage problem, however, and
pumps have to be used to expel water from within the levee system.

In recognition of tremendous risk faced by New Orleans, the New Orleans
- District of the Board of Levee Commissioners devised a vertical
evacuation plan similar to that of Miami. New Orleans has not been
flooded by the Mississippi since 1840. As with any structural adjust-
ment, however, the catastrophe potential is high, In 1973,when the
river rose exceptionally high, the levees had to be reinforced with
sandbags.

Erosion is combatted almost exclusively by structural measures,

with local, state and Federal agenc1es involved in construction and
operation.
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MAINE

- Maine's deeply indented and island~studded coastline is estimated to
be 3,498 miles in length (U.S. Dept. of Commerce, 1971). Much of this
shoreline is metamorphic rock and is largely invulnerable to. erosion. The
threat of erosion is serious however, along the heavily developed beach
and marsh shorelines between Portland and the New Hampshire line. Like--
wise, ocean front communities such as Popham Beach are vulnerable to
flooding during occasional hurricanes. Flooding may also occur along
the upper reaches of numerous narrow inlets due to tidal surges. Bangor
experienced severe and unexpected flooding in the winter of 1976 from this
source.

A final hazard to be considered in the Maine coastal area is that of
earthquake., Although the probability of occurrence is low, a major
(VII modified Mercalli intensity) quake was reported in southeast Maine in
1904, The possibility of recurrence should not be overlooked,

\ S :
Table IV-12 shows the nature of the natural hazards in the Maine

coastal zone, the measures available for coping with those hazards, and

the locus of authority and responsibility for employing those coping

. measures,

Maine has several laws and programs upon which it intends to base its
coastal zone management effort. The Site Location Act requires a state
permit for conmstruction of public or private facilities on sites of
more than twenty acres or having a floor area of more than 60,000 square
feet. The Shorelands Zoning Act further protects all lands within 250
feet of any coastal or inland shoreline through mandatory or state
imposed zoning. (Some coastal communities have no zoning except for
their shorelands.) A third layer of review is provided under the Coastal
Wetlands Act for all activities which would "remove, f£ill, dredge, or
alter any such area'.
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MARYLAND

- The Maryland coastal zone possesses two components: (1) a 31 mile
strip of sandy barrier beaches and islands backed by 203 miles of lagoon
and wetland shore, fringing the Atlantic ocean; and (2) approximately
3,190 miles of banks and bluffs ranging up to 100 feet high along

' Chesapeake Bay and its tidal tributaries (U.S. Dept. of Commerce, 1971).
Much of the lower eastern bay shore is predominantly marshy. ’
 Coastal erosion and tidal flooding are serious natural hazards in
Maryland. Erosion is often accompanied by small scale landslides and
occasional mudflows. The state's oceanic shore also suffers infrequent
‘hurricane damage. In any given year there is a two per cent (2%) chance
that hurricanes will directly impact the coast (Simpson and Lawrence,
1971). Associated storm surges and riverine flooding may affect bayshore
communities (U.S5.G.S. & NOAA, 1975). Parts of Maryland's western bay-
- shore may experience moderate levels of seismic activity (up to modified
Mercalli scale VII) but detailed information on seismic risk is lacking.

Over 25,000 acres of land were lost through erosion between 1845-1942
‘(Singewald and Slaughter, 1949). Critical erosion affects the entire ocean-
front., The problem is worst in the northermnmost five miles of Assateague
Island where losses of thirty-five feet per year occurred during the 1934-42 -
period. Most erosion is due to winter storms although occasional hurrlcanes
can inflict serious damages.

The main causes of bayshore erosion include storm wave run up,
erodible cliffs and a general long term widening and shallowing of Chesa-
peake Bay. Heaviest erosion losses have been sustained along the lower
eastern Chesapeake shore. Here thirty-eight per cent (38%) of the shore-
line is affected by high rates of erosion (Maryland Dept. of Natural
Resources, Series A). Twelve per cent (12%) of the northeastern shore
suffers similar problems, whereas only eight per cent (8%) of the western
bayshore is thus affected. Dorchester County accounts for about one quarter
(24.9%) of all mainland erosion losses and approximately thirty-two per
cent (32%) of all island losses (Maryland DNR, Series A).

Tidal flooding of wetlands and agricultural land is a major problem
on the southeastern Bay shore (Somerset and Dorchester counties). Islands
surrounding Tangier Sound are particularly affected although most occupants
have constructed buildings in comparatively secure areas. Riverine flood-
ing of urban areas is more serious on the western shore (e.g. Baltimore).
Elsewhere recreational homes and agricultural lands are the principal
victims (Md. Dept. of State Planning, 1974 & 1975).

More than $1 million (1962 dollars) worth of public and private
property damage was inflicted on the Atlantic ocean front by the Easter
1962 storm and required costly reconstruction in the Ocean City beach area.
Tropical storm Agnes (1972) killed seventeen people and caused more than
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$110 million worth of damage‘on land plus $134 million damage to fishing
and related industries on Chesapeake Bay. Damages from the 1962 storm
were partly attributable to flooding and partly to erosion, whereas

Agnes primarily generated riverine flood related losses (Maryland,
State of, 1975{

Table IV-13 shows the nature of the natural hazards in the Maryland
coastal zone, the measures available for coping with those hazards, and
the locus of authority and responsibility for employing those coping
measures.

Maryland possesses a battery of legislation for coping with natural
hazards in the coastal zone. Primary emphasis is placed upon the Wetlands
‘Law (1972); State Land Use Act (1974); Sediment Control Act (1970);

Beach Erosion Control District Act (1975); and a group of supporting laws
regulating construction within the 100 year floodplain (e g. HB 708(1976),
and Art. NR #8-803 Maryland Code).

Through the State Wetlands Acts of 1970, the state can.directly control
developments on the tidal wetlands and exerts indirect control over non-
tidal wetlands through its waterway construction obstruction permit system
and comments on the expanded Section 404 Corps of Engineers Permits System
(Maryland Dept. of Natural Resources, 1976). ‘

In Maryland, counties, rather than municipal govermments, possess
the most effective land use management powers. All seventeen coastal
counties have adopted, or are in the process of adopting comprehensive
master plans and zoning codes, and all but one possess subdivision regu-
lations and building codes. Eight of seventeen coastal counties have
flood hazard controls, six have incorporated these into zoning ordinances,
five into subdivision regulations, three into grading and sediment
ordinancess and two into other plans (Md. Dept. of State Planning, 1974).
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MASSACHUSETTS

: The Massachusetts tidal shoreline is approximately 1519 miles in

length, including islands (U.S. Dept. of Commerce, 1971), The shoreline
is characterized by extensive beaches on Cape Cod and the islands of
Nantucket and Martha's Vineyard. The shoreline between Cape Cod and
Boston is composed of low level coastal estuaries and beaches subject to
considerable erosion hazard, particularly in the vicinity of Scituate,
Marshfield and Duxbury, North of Boston the shore is rocky with many
islands and scenic headlands extending to the eastern-most point, Cape
Ann. Between Cape Ann and the New Hampshire line there are additional
beaches and estuaries along the Ipswich-Newburyport and Salisbury
shorelines which are also subject to severe coastal erosion.

Coastal storm surge flooding presents another hazard to the
Massachusetts shoreline. Serious flood damage was incurred in the hurri-
canes of 1938, 1944, twice in 1954, in 1955 and 1960 (U.S. Army Corps of
Eng., 1971c).

The possibility of a damaging earthquake occurring in the Massachusetts
coastal area is another hazard which must be taken into account. Major
(VIII modified Mercalli intensity) quakes occurred at Newbury in 1727 and
at Cape Ann in 1755 (U.S. Dept. of Commerce, 1973). The possible recurrence
of these events should not be overlooked. '

Table IV-14 shows the nature of the natural hazards in the Massachusetts
coastal zone, the measures for coping with those hazards, and the locus of
authority and responsibility for employing those coping measures.

The Coastal Zone Management program in Massachusetts is administered
by a newly established division of the Executive Office of Environmental
Affairs. It is only a planning and advisory body, quite distinct from the
line regulatory agencies. However, several regulatory tools do exist for
management cf coastal hazards. These tools fall primarily under the
administrative responsibility of the Department of Environmental Quality
Engineering (formerly Department of Natural Resources). The Massachusetts
Zoning Enabling Act, as revised in 1975, (Mass. Gen. Law, Ch., 40A) forms
the cornerstone of hazards management in the Massachusetts coastal zone
by including safety from flood as a purpose of zoning.

Under the "Hatch Act" (Mass. G.L., Ch. 131, sec. 40) local conserva-
tion commissions are authorized to regulate (but not prohibit) encroach-
ments upon inland and coastal wetlands, broadly defined to include
beaches, dunes, and a zone bounded by a line 100 feet inland from the 100
year flood boundary. Local determinations are reviewable by the Mass.
Department of Environmental Quality Engineering. A parallel tool lies
in the power of the state to impose "restrictive orders" upon inland and
coastal wetlands directly (Mass. G.L., Ch. 131, sec. 40A and Ch. 130,
sec. 105). This program lies within the Department of Envirommental
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Management. (Recent reorganization of the Massachusetts environmental
bureaucracy has thus delegated the key programs relating to coastal
wetlands management to two agencies.)
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MICHIGAN

_ Michigan's coastal zone is approximately 3,282 miles in length
including islands (Ervin, 1976). Physical characteristics of the -
shoreline are diverse, ranging from the marshes of Saginaw Bay and
Lake Erie,to the rock coasts of Lake Superior, to the sand dunes and
beaches along Lake Michigan's eastern shore  (Mich. Dept. of Natural
Resources, 1973). Uses of the shoreline are similarly diverse and
vary from heavy recreational use of beaches near metropolitan areas,
to urban, commercial and industrial developments, to the sparsely
developed, remote Upper Peninsula.

Coastal flooding and coastal erosion represent continuing problems
in Michigan's coastal zone. Coastal flooding is deemed a serious
problem, having caused millions of dollars in property losses and
"land damages. At present, coastal flooding associated with high lake
levels affects over 45,000 acres of land area, encompassing over 300
miles of Michigan shoreline and involving approximately thirty-three
coastal counties (Mich. Dept. of Natural Resources, 1973a).

Four times during the past decade coastal flooding has resulted
from a seiche, an oscillation of the lake's surface set in motion
by a passing storm system. Although coastal erosion is a continual
pProcess, several periods of accelerated erosion have caused extensive
damage to shoreline property. The most severe coastal erosion has
occurred during periods of high lake levels.. Levels of the Michigan
and Huron have been sufficiently high in thirty—four of the years since
1900 to cause accelerated erosion (Mich. DNR, 1973). Periods during the
late 1920's, mid 40's, early 50's and early 70's have been particulaxly
damaging. The combined flood and erosion damages for Michigan's shore-
lands during the 1951-52 period, the most recent period for which we
have damage surveys, represented twenty-nine per cent (297) of the total
flood and erosion damages for the total Great Lakes shoreline and
amounted to $17.4 million.

Table IV-15 shows the nature of the natural hazards in the Michigan
coastal zone, the measures for coping with those hazards, and the locus
of authority and responsibility for émploying those coping measures.
The 1970 Shorelands Protection and Management Act, as subsequently
amended, is the cornerstone of natural hazards management under the
Michigan Shoreland Management Program. This act assigns principal
responsibility to the Michigan Department of Natural Resources, but
also relies upon local govermment exercise of zoning restrictions
and other land use controls. Michigan has moved vigorously to inven-
tory hazard areas and to otherwise implement the Shorelands Act, but
the period of experience Wlth the management phase 1s still too short
to permit evaluation,
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MINNESOTA

Minnesota's coastal zone consists of 206 miles of Lake Superior
shoreline north and east of the City of Duluth, Most of it is steep,
rocky and sparsely populated. Coastal flooding occurs, but poses only
minor problems, except in the Duluth area, where more gentle topography
and more extensive development create a greater potential for damage.
Coastal erosion (mostly loss of beach areas) occurs along the entire
coast, but is, in terms of short range effect, considered a critical
problem on only two per cent (2%) of the shoreline located in the
Duluth area. Both coastal flooding and erosion are associated with
periods of high water levels and storm action in Lake Superior, During
- the high water level period of 1951-52, very rough estimates of flood
damages and erosion damages sustained (primarily in Duluth) represent
ten per cent (10%) and two per cent (2%), respectively, of total flood
damages and erosion damages along the entire U,S. Great Lakes shoreline
during that period (U.S. Army Corps of Eng., 1971a).

Table IV-16 shows the nature of the natural hazards in the
Minnesota coastal zone, the measures available for coping with those
hazards, and the locus of authority and responsibility for employing
those coping measures. The 1969 Flood Plain Management Act and the 1973
Shoreland Development Act are the cornerstones of-natural hazard manage-
ment under existing Minnesota law, but additional legislation will be
proposed as a part of the Coastal Zone Management program now being
developed. Due to the recency of the shoreland management legislation
and the fact that no floodplains have yet been designated in the coastal
zone, there is little experience to show how these coping measures will.
work., The Department of Natural Resources and Arrowhead Regional
Development Commission have recently completed a Shoreland Damage Survey
to determine recession rates in order to prepare regulations for land
use in the coastal region.
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MISSISSIPPI

Mississippi has only three counties, Hancock, Harrison and Jackson,
with coastline. Much of the 359 miles of tidal shoreline is marshland
and artificial beach - (U.S. Dept. of Commerce, 1971). Uses of this
coastal zone are varied and include residential, recreational, shipping,
commercial fishing and heavy industry. Growth has been rapid, popula-
tion near the shore increased forty-two per cent (42%) between 1960 and
1970 (U.S. Department of Commercs, Bureau of the Census, 1970).

Natural hazards of concern in Mississippi are coastal -erosions,
 hurricanes and flooding. During any given year, it has been estimated that
' Mississippi has a six per cent (6%) chance of experiencing a direct
hurricane landfall (Simpson and Lawrence, 1971).  Hurricane Camille, of

August 1969, caused nearly a billion and a half dollars " damage to the
Mississippi Gulf Coast (Mississippi, State of, 1970). ‘

Coastal erosion is a continuous problem along parts of the shore-
line; barrier islands and artificial beach areas are particularly
vulnerable. The U.S. Army Corps of Engineers, in its South Atlantic
regional report to the National Shoreline Study (1973a), reports twenty-
eight per cent (287%) of the shoreline is undergoing noncritical erosion
and an additional fifteen per cent (15%) is 5uffer1ng cr1tica1 erosion
damage,

Coastal flooding caused by storm suige and associated riverine flood-
ing is another hazard of concern in Mississippi. Flooding of marshes and
low-lying wetlands along the shoreline is a common problem and may cause

damage to property during periods of heavy precipitation and storm surge
associated with hurricanes and storm systems.

Table IV-17 shows the nature of the natural hazards in.the
Mississippi coastal zone, the measures available for coping with those
hazards, and the locus of authority and responsibility for employing
those coping measures.

At the heart of natural hazards management in Mississippi is the
Coastal Wetlands Protection Act of 1973, which invests the Marine
Resources’ Council with the authority to issue permits regulating con-
struction and other modifications in wetlands areas. Cities, incorpora-
ted towns and counties all have broad zoning and subdivision authorities.
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NEW HAMPSHIRE

The New Hampshife coastal area 1s a roughly triangular shaped
drainage basin in the extreme southeastern corner of the state. It
is bounded by the Piscataqua River Basin on the north and west, by the
Merrimack River Basin on the southwest, and by a narrow strip of the
Massachusetts north coastal area on the south for a total of 131 miles
of shoreline

The topography consists of a gently rolling plain with typical
elevation of 20 to 80 feet, with several drumlins reaching elevations
above 200 feet. There are seventeen tidewater cities and towns in
the area, of which only four front directly on the Atlantic Ocean. ‘
The other thirteen front on tidal rivers, Great Bay, or saltwater marshes,
There are also numerous fresh-water marshes in this area.  Most of the
surficial deposits are marine clays and sand which were uplifted
following glacial retreat.

The entire coastal area is vulnerable to erosion with the most
critical problems occurring at Hampton Beach, North Beach, Seabrook
Beach, Hampton, Foss Beach and Rye. Flooding problems have also occurred,
mainly in conjunction with hurricanes and northeasters, which occasionally
 have direct impact on the coast. Generally overlooked as a hazard in
New Hampshire, is the possibility of a damaging earthquake., Although
considered of low probability, a catastrophic event could take place.

Table IV-18 shows the nature of the natural hazards in the New
Hampshire coastal zone, the measures available for coping with. those
hazards, and the locus of guthority and re5ponsibility for employing
those coping measures.

The New Hampshire Coastal Zone Management Office is located within
the Office of Comprehensive Planning's Division of Regional Planning.
The Coastal Zone Management Office has designated Geographical Areas of
Particular Concern and has instituted a number of data gathering studies
for the coastal zone.

Cities and towns have broad powers to zone, but villages must be
specifically authorized to zone by the legislature. All regulations must
be in compliance with a comprehensive plan for that municipality.

The state passed a Tidal Wetlands Law (1973) which defines wetland
areas and permissible uses for these areas. The law was tested in the
New Hampshire Supreme Court and upheld  (Sibson v. New Hampshire, 1975).

The state is in the process of formulating its coastal management

policies, and state-level guidelines for’ local implementatlon are
expected.
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NEW JERSEY

There are 1792 miles of tidal shoreline in the New Jersey coastal
zone (U.S. Department of Commerce, 1971); steep basalt cliffs in the
north, along with glacial outwash sands and tidal wetlands. The
‘Atlantic oceanfront stretches along 126 miles of narrow, -sandy barrier
islands and beaches. The eight-five mile Delaware Bay shoreline
consists of uninhabited tidal wetlands with a few fishing communities, a
nuclear power plant and industrial warehousas on the shore of the Dela-
ware River.

Coastal erosion and flooding are the most sipnificant natural
hazards in the New Jersey coastal zone, although hurricanes do inflict
infrequent damage. Northern sectors of this shore have a one per cent

" (1%) chance of experiencing a hurricane impact each year (Simpson and
Lawrence, 1971). Erosion is worst along the Atlantic oceanfront where
losses of up to sixteen feet per year are common. Approximately eighty
per cent (70%) of this shoreline is classed as critically eroding. Else-
where, erosion is critical along five per cent (57) of the Delaware Bay
shore and most of Raritan Bay (U.S. Army Corps of Eng., 1971c). While
housing is often in jeopardy, loss of protective and recreational beaches
is more frequent. Erosion is triggered by winter storms but is also
exacerbated by the great number of groins, bulkheads, jetties and other
shore protection devices which intercept- llttoral sediment supplies and
otherwise affect beach processes.

Tidal and riverine flooding are serious problems throughout the
entire shorefront. On occasion, however, floods have had a beneficial
effect on the physical enviromment, as when recovery of the moribund
Hackensack Meadows tidal wetlands followed on the heels of a 1950's
hurricane which destroyed abandomed dikes constructed in an abortive
19th century reclamation project.

Areas along the south shore of Raritan Bay were extensively
inundated in March 1962 and the oceanfront barrier islands were breached
and flooded in several places. This storm killed fourteen persons on
the Jersey shore and injured more than 1,300, destroying nearly 2,000
buildings and damaging 14,000 more. Overall public and private losses
were estimated at $80 million (1962 figures) (New Jersey Almanac,
1966-67). :

Delaware Bay flooding is less severe because few people live near
the shore. 1In contrast, much of the Delaware River shore suffered
heavy riverine flood damages due to hurricane-genmerated rainfall in 1955.
One hundred lives were lost and property damage of $100 million was
sustained. The U.S. Corps of Engineers estimates that a repetition of
the design flood could produce $2 billion damages from tidal flooding
in northern New Jersey. On the oceanfront, damages from a similar flood
could reach $260 million with half of that total being sustained by
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communities on Raritan and Sandy Hook Bays (U.S. Army Corps of Eng.,
1971c). ' ‘

Table IV-19 shows the nature of the natural hazards in the New
Jersey coastal zone, the measures available for coping with those hazards,
and the locus of authority and responsibility for employing those coping
measures., '

- The cornerstone of hazards management in the New Jersey coastal zone
lies in the Coastal Area Facility Review Act of 1973 and the Wetlands
Act of 1970, administered by the New Jersey Department of Environmental
Protection (DEP). Both utilize a strict permit system to regulate develop-
ment in the coastal zone, thus reducing potential loss from natural
hazards. New Jersey has established special districts in two coastal
areas. The Hackensack Meadowlands Development Commission possesses com—
prehensive regional zoning and planning powers but the Pinelands
‘Envirommental Council has only weak ability to review and delay develop-
ment for a ninety day period. Responsibility for comprehensive planning
and zoning remains with the local governments.
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NEW YORK

N

New York has three coastal zones: oceanic, lakeshore and riverine,

Oceanic Coast: New York City, Westchester County and Long Island
are fringed by 1850 miles of tidal shoreline (U.S. Dept. of Commerce, 1971).
Approximately 330 miles of this is classified as beach and the remainder .
as high oliffs and rocky bluffs. -

Natural hazards affecting the oceanic coast are primarily coastal
flooding, erosion and the slumping of coastal bluffs or landsliding.

Most of the oceanfront coast is classed as critically eroding (128
miles) due to coastal flooding caused by tidal action and storm surge.
Additionally, hurricanes have a six per cent (6%) chance of affecting
this coastline every year. In addition, damaging winter storms exacerbate
the erosion and landslide problems. In 1938, nineteen lives and numerous
homes were lost in Westhampton Beach during a severe hurricane. 1In 1962,
twenty-nine homes were destroyed and several million dollars property damage
incurred, again due to the devastating effects of a hurricane (Mitchell, 1974).

Lakeshore Coast:- Eleven New York counties occupy 360 miles of Lake

- Erie and Lake Ontario shoreline. This shoreline is characterized by bluffs
of glacial outwash material and range in height from ten to twenty feet at
the western end of Wayne County on Lake Ontario to over 100 feet in
Chautaugua County on Lake Erie. Marshes, barrier beaches and sand dunes
exist along various stretches of the Great Lakes shoreline.

Coastal erosion and flooding are the chief natural hazards on the
Great Lakes shores. High water levels during the periods from 1951-52
and 1972-74 inflicted heavy damage along most of the shore. Bluffs receded
under direct wave attack aided by frost, seepage and surface erosion. Low-
lying districts to the west of Rochester were particularly hard hit. On
Lake Ontario the highest water levels are reached at the eastern end, where
damages have been severe in the past. Summer homes and permanent residences
were flooded for several months and the shore was heavily eroded. In 1951-
52 $12.7 million (1970 dollars) in property damage was inflicted. Even
greater losses occurred during the more recent period (Palm, 1975). On
Lake Erie the highest water levels generally occur in Buffalo Harbor - the
point of maximum fetch - but here damages are minor. At present, fifty-
four per cent (54%) of the Great Lakes coastline is eroding, but only 4.5%
can be considered critical. Coastal flooding critically threatens about
twenty miles, at present (U.S. Army Corps. of Eng., 1971c).

In New York there is an indeterminate risk of major earthquake damage.
Little information as to causes or characteristics of New York earthquakes
exists. No quakes of serious intensity have occurred in New York in
recent times.
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Hudson Valley Shoreline — The Hudson River is tidal for approximately -
170 miles above New York City. There is little detailed information on
natural hazards for this sector of the state's coastal zone. Riverine
flooding, shore erosién and landslides are problems along small sections
of. the waterfront. In addition, the Ramapo fault, which extends into
" the lower Hudson Valley from New Jersey, has been active in recent years.

‘The 1973 Tidal Wetlands Act and the 1973 Stream Protection Act ’
provide tools for flood hazard management in New York by authorizing the
State Department of Envirommental Conservation to regulate development of
these areas through the issuance of permits. In addition, Article 36 of
the New York Environmental Conservation Law (1974) "requires local parti-
cipation in the National Flood Insurance Program with provisions for state

~adoption of flood control measures in communities which fail to qualify
for NFIP". The former New York Office of Planning Services has prepared
model zoning ordinances for flood hazard areas (N.Y. State Dept. of Env.
Conservation & N.Y. Planning Services, 1974). (See N.Y. State General
City Law, Chapter 21 of Consolidated Laws, Art. 2-A; N.Y. State Village

. Law, Ch. 64 of Consolidated Laws, Art. VI-A; and N.Y. State Town Law,

Ch. 62 of Consolidated Laws, Art. 16.)

The Department of State has responsibility for administration of the
state's coastal zone management program.

Table IV-20 shows the nature of the natural hazards in the New York
coastal zone, the measures available for coping with those hazards, and
the locus of authority and responsibility for employing those coping
measures, ' ‘ ‘
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NORTH CAROLINA

The coastline of North Carolina is 301 miles in length, and ranges
from undeveloped beaches and marshes to densely developed barrier
islands, or 3,375 miles of tidal shoreline when all island coasts are v
included (U.S. Dept. of Commerce, 1971). There are also vast estuarine
areas (over 2,200,000 acres) within the coastal zone, which are particularly
vulnerable to damage by natural hazards.

The principal natural hazards in the North Carolina coastal zone are
hurricanes, coastal erosion and coastal flooding. Clearly, hurricanes
are the most serious and have caused great destruction in the past. As
hazard-prone areas are further.developed, the potential for destruction
increases,

Coastal erosion is also a problem, with fifteen per cent (15%)
of the coast subject to critical erosion (U.S. Army Corps of Eng.,
1973a). The Quter Banks are particularly vulnerable, and the problem
is exacerbated by hurricane storm surge.

A final problem in the North Carolina coastal zone is flooding,
with estuaries, river mouths and lowland areas the most susceptible.
Hurricanes are the major cause of coastal flooding but some riverine
flooding does occur and contributes to the flood hazard in 'the coastal
zone. :

Table IV-21 shows the nature of the natural hazards in the North
Carolina coastal zone, the measures for coping with those hazards, and
the locus of authority and responsibility for employing those coping
measures, , ‘ |

The principal legislation dealing with hazards is the Coastal Area
Management Act of 1974, The Act calls for designation of Areas of
Environmental Concern (AEC), and some criteria deal with natural hazards.
Specifically, the following types of Natural Hazard Areas will likely be
included: General; Sand Dunes along the Outer Banks; Ocean Beaches and

. Shorelines on the Outer Banks; Excessive Erosion Area--General, Coastal
Inlet Lands, Ocean Erodible Areas, and Estuarine and River Erodible Areas.
The Act states general policy objectives for the coastal area, but directs
the Coastal Resources Commission to establish within those guidelines
appropriate land and water uses for each AEC it designates. A coopera-
tive state-local permitting process will regulate all development within
Areas of Environmental Concern. The Act further requires that local
governments prepare their plans in accordance with state guidelines and
subject to state review (Bell, 1976).

Local governments (cities, villages, town and counties) have broad

zoning and subdivision powers, and special enabling legislation exists
which authorizes municipal and county regulations for floodway areas
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(this is separate from zoning). City and county zoning regulatioms
must comply with comprehensive plams.

Several agencies, most of them within the Department of Natural
and Economic Resources, are involved in technical and planning studies.
The state also has a building code (which fequires mobile home tie—down)
and wetlands protection legislation. Nearly all local governments in
the coastal zone have enacted sand dune protection ordinances.
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OHIO

The Great Lakes mainland shoreline in Ohio is 265 miles in length,
and includes such major urban areas as Cleveland, Sandusky and Toledo.
The landscape of this shoreline varies greatly from west to east.
Beginning at the western end of Lake Erie with low-lylng marshes and
barrier islands the elevation gradually rises, marshes slowly give way -
to bluffs ten to thirty feet in helght. From the Cedar Point area and
continuing east, a few marshes remain but bluffs are the predominant
landscape feature and sometimes reach elevations of sixty feet.

, The bluffs are mainly glacial till and shale and are highly suscep-
tible to erosion, the major natural hazard in the Ohio coastal zone. The
entire coastline is vulnerable with 9.2Z critically eroding. (U.S. Army
Corps of Eng., 1971a). Protection, in the form of short seawalls and
groins, has been provided for part of the frontage, but has'not been
particularly effective because of a lack of sufficient beéch material.

A second natural hazard affecting the Ohio shoreline is flooding,
which occurs mainly as a result of severe easterly storms., Artificial
dikes extend into the lake at several points, but these have been
breached a number of times in the past.

A final hazard which is often overloocked in Ohio is éarthquake.
A number of small shocks have caused minor damage in the past, and the
possibility exists that a larger event could cause a great deal of
damage. ‘ '

Table IV-22 shows the nature of the natural hazards in the Ohio
coastal zone, the measures for coping with those hazards, and the locus
of authority and responsibility.for employing those coping measures.

The Ohio Lake Erie Shore Planning Region includes nine counties
with 159 cities and villages and 210 townships. In addition, there
gre thirty~-seven district,regional, county and municipal planning
agencies in the Shore Zone Planning Regilon.

The major focus of authority in the Ohio'cdastal zone lies within
the local govermments which have the power to establish building codes,
zoning ordinances and other land use regulation measures,

At present, Ohio has not implemented a mechanism which will permit
state-level comprehensive planning in the coastal zone. Plans do exist,
however, to introduce a bill to the legislature creating a Shoreland
Regional Commission, which will be responsible for implementing the

program through existing state and local government authorities
(McPherson, 1976). ‘
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